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' Data Analysis Laboratory (^^^^ . 30 

-.Kmimkii9^-Bsm^9»c6p^ Laboratory (lOa ptia) / 39 

[ )r\ •■"Bt 

Energy Simulator Handout 64 

Holecnilar Geonetrv and £lactrar|io . ". -" . 75 
Structure Laboratory (75 ptsj 

Solutions . Laboratory (75 pt») 86 

: Acid BaaO Titratibb Labora^ - 

1; Photography Laboratory (75 pts) ' : " 132 

- - 'ouiU AnalysiB La|>oratp,]^ (100 pts) ' 145 
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Chcraistry 131 "iniBludeB both 'iScl^re and laboratory- work.' To better ■ 
'v understand cheraldtry, we believe you should become acquainted with 
CundftiMntal principleQ. and concepts and ba able to apply tliem in tha ■ 
IttbotAtory*:-- Our goals -i-n this- ootirse- are tot 

; >:= :: : 1) train you to think scientifically (develop curiosity) , .; 

- 3) ptwido. you Vlth^ iitfMlatibn of prof asfiiotial ^hd ' 

y- »<telal yalttd^ . ' 

^. :/l::\.--4f - propara you for f^tuto scieniBo-Bnd ontfinoorintf onirses:, 

- • '5) teach you baaic chemical principlas* 

. . 6). d!W«|:op\iraRir/«bjLlity to danninicato scientific in;ro^tionf . - 

^>;^';prbvids' 'you' With ' iab^ oxparisno*. 

As in most science or engineering courses. General Chemistry is 
difficult. TO be successful, you must coamit yourselves- to acadsnlc 
, excellence. You must diligently prepare for each class by reading the 
^ assigned portions of the text, and working as sany of the homework 
V" problems as you can, be attentive in class, and be willing to ask 
V ' questions and ssek extra, instruction.^ You were sslected. for this' 
V- courno. ob 'your past - acSAdsMie* "osepiarioncs and .perfomaAOO dti the 
chenist^ .placement exatt - you have the ability to do well In this 
cpurssv .The Choaistry faid^lty io . here to assist you ii^ doing the best 
^"'■ yori-' cart,^' - - ^ 

. Keep in nlnd that Chemistry is a 2 course unit, fi semester hour course. * 
>. yOu^ilI^rsceive «iriM Uii* Ooorko as you would .rbr tho ' ... 

laost of your other courses. You. should therefore expedt to qwnd twice 
as mich time in preparation for Chemistry 131. 

We hope you find this cours* interssting «nd infoimtivo? vo Jb:«w/ye^ . - 
. will find it challenging* , ..• - 




1. The. Btihedule toi^^ X^ ^ignifioantly dlffarteit- iinaii 
othcir courses at th6 Academy. Check the syllabus daily. In general^ 

- you. will have lectures. on Monday,: Wednesday , and Friday^ one 2 hour lab 
i^l:pn Tuesday and- a 2 hour reasLtatioii oh Thursdays : ■ If you havsL a' 
; question, be siire to' consult your syllabus or ask your instructor. If 
- in doubt., go tp.yoiir classrooin . during the asAigined period and check* 
[ -j-i^MijPixiim^ -^tb« -•todbMhil«r--d«irln9 ttim Ciirptf' .lesBon;' - ' 

2. [>o.not schedule eny appointments (dental, medical r SI # tailor shop,. 



.3; If you know you will miaa a class, inform your instructor at least 
one lesson in advance and. submit a Form 76 -before your absence If. 
'ppa#ibl!a.; You Ar« rQeponeible for all Work assigned during your 
absence..' Xt you kiIbs a GR, you must take the make-up exam. If. yo^ 
will miss a GR due to a trip, inform your instructor at least a week ii> 
:a^.vAnGe so he/oAn coordinate wit^ tbp. oic or. OR for a imkfHw •xais.'-to 
'Bdninl8t«r«ia''bn -the .trip. " ■ ' .-.yr*-^ y:- .r ^-^^ > 

4. you Bust,, up with thf cduroe .%r6r]t>v«n if you are hospitalized, 
or on bMri^er . If you BMd^n^^ llaaoh officer to 

arrange B I with your instructor , or just call the Cbemisty l>epartment 
(3c2^66) «. Y6ur instructor^ vllX give ypu EX if .you .«re hospitalisad for 
an i^rtvnded period. ' . v. ... - 

5<. . bo not leave, the cleee^ or lab until ypu are di^iss^d by your 



'Ci, .Please keep the classrgom and cioat. closet clean and neat.. Keep the 
doors to .the coat -cloMt clcMed^'irtiMii^^; use - if you: are' tha last' 

. to use it, close them. All outer garments (jackets, parkas, overcoats, 
ovejTshoea, caps, etc.) must be naatly hu^g or stored in the .oo»t closet 
■-: th<w-*'«-"'*6tr"'-p«i*«JMad-in- the .ciassreK^ ■ 

■ , 7... Sectioi. Marcher Responftibilitles; "-^ '■' '■^i:'^-'^-;f.Ci^'''.: : 

a. Before ciassii Halntain order iii the classroom^ ' ;Snsurs the 
■ oiessroep and., eloaet are nieat arid orderly*.. Collect any asali^iraents due 
. iMpX^ .the' Start .ot>i[^mmm^ ■ ■v.':'^^ -: v. 

; .b« start of Class. Call the class tip attenticM> render salute- 
. and rieport.. the ...class ready for instriictloh, and give your instructoz- 
: all homework due* If your instructor does not arrive within 5 minutes 
.after .the -start of class j report to the Chemistry Departnient for 

. '^q. Coring. BXttvs.* if * .the -ihirbituetor is absent - duriiig an examn 
maintain order and give the command, ■Tcease . Hork, ■* when . the time haa 
expired. for the exam. Ihtt time fl^uld be written on .^|ie; blackboard ^ 
Any cadstt' may giy* ^Oaasa -Wmtk* iil^iMfyi^'^^4m^-.9KpiTmmj ^ - 



8, Classroom Wfeilbarlalg. To each lecture class, you must bring yptir 
tisxtbook, 3 ring binder, paper for taking notes, a pencil or peni and tk 
calculator (you will not be permitted tio ehttt*- calculator* during 
quizzes or GRs) , To ftach laboratory period, you ifiust bring a pen (all 
experimental data Aust be recorded in ink) and your lab manual or 
handout for the lab. 

9* Homework. in generalf hcnework will not be collected or graded. 
Your instructor, however, has the option of collecting and grading your 
hoinework. The problems assigned indicate the knowledge level and 
proficiency expected of you* At least ftp.% of all questions on the ORs 
and guiises will be bOMeworic prebleas* 

10. Extra Instruction. understanding of the material assigned is. of" 
the utmost importance. If you have difficulty, yoti ahbuld seek help 
ininediately from the EI room (Room 2C56) or your anotrutrtoi . The EI 
room is open from 0800 to 160p every day unless otherwise noted. It 
will be closed during period M-5 and luhcvi. ' 

XX, Laboratory £xperinents» Lab expex-iments suppidE&ent and reinforce 
the concepts covered Inf the dlaeeroon* They giv^ you the opportunity - 
to see chemistry in action. Here at the Academy, we do uxpGriirents in 
vwmys unfaniliar to you* our ej^rinente are performed at the 
miorbsoale:. With these experiilents; W lilitialfle student eaipbsure to 
hazardous and toxic material« and reduce chenical waste. We are also 
able to perform more experimental work. While performing experiments, 
give 8AFE^ prittary ocmsldsTsticin^ .TttZKK Vfrom YW JliCt, ASK IF lit 

A- All labs will include the foiJLowing on tne first page: 

collaboration Ptatesea tt state who you collaborated with on the lab- 
If no collaboration, state NO COLLABORATION. nXLUU TO HAVE TKZS 

siCTXow vxtb-nsoKV -nr A is% cov-'om lin-uyi* 

B. For the Emission Lab, Enthalpy Lab, and the Spectrometric 
DeterMlniatieta of an BvlilibrlMSi iConstiitot Lsb tlM/tellowifig. fdnfst will 

• ■ • • flOllilwjSttwii atetMentt Btsts who you collaboratsd. vitK <m tlMi 

Objeo^iVet Ststai the purpose or objective of the experiment in 
one sentence. The objective is chemical, in natiire; t|^ objective is 
not to learn how to use an instrument* 

Theory: In at least one full page <the equivalent of 1 full, 
typed double spaced page) discuss the theory governing the results of 
the expsrinsnt^ lElii ssction generally begins with a short introduction 
detailing why ybu^.liirs doing this experiment, followed by a discussion 
of tJhe procedures i^aed to obtain the necessary data. To adequately 
wri^ this ssdti^f -ybu^M^ wmd/we teactbook^ 



^^^'^;itX^:_ii^ jciopy another source* Compose this theory in your own; 



Rivoussiptt of itiSttits t AmnMir tlie ^eistlons' In the htiiiiaout ; 
|N>BOlueioifi wh^t^ G^n yoa. conclude alstout th<f» •experimeht? . . Oive 



V V 16; For the tenillnj^g 75 point Xabe, the prefab exercise will b« filltBd ^ 
^ out BEFORE c^lhigf^^^ class^f the lab WlU^^ l^^ class Sibd:^ > 

the conclusions will answered. Unless directed otherwise by your , 
■' . instructor/ all lab. reports will be due the Monday fol^lpwlng the lab 
^v"d«y^ . 4 i of «^ lO^ l^t be gvadid^ V Hdwi^^ 

must be coii^letlHi:--i|t|a^:^t^^ 

'^^v;-.- THE. COURSE. "' ^' ■ v'*' ■ ■ ■■ ■--y^--:-;. --. ---v -r^.;^^ 

f r .-^^f - IfStie Work, All assignetJ. worlc is due at the beginning of the ' '.■ 
W : v'P^<l^-' ^ Xate penalties will be assessed according to the schedule s 

' ■ < -' 1 .'lesson -lato -25% ■■rv.::. 

^■'^' ''l^S^^Jtiemput^t Aided Instrud^lbis/^^^ybii^ should have been impued three 



eowpyter d<3fk« vith cheuitstr^' computer aided instruction eC<t«^«».... .The 
insti-ucticn prograia descriptions are listed below: 



.;;^^-^--:-'>>r^^;w: ;.ji:V;v;:-. ^Phb:- BiWaatttg a Periodic Table, tfoaenclature of the 

B|i«i|eilta/ Isotopes/Atomic Weig] 
BieMrtts, Mystery Element Quis 



'-Isotopes/Atbmic Weights,'^ Pipoperties. :.o2;.:^8oiBa^ 



Inorganic HoMeneleturaa Binary ^alts. Variable Oxidation 
Jt«le^«alts, BiiMix3l^ Cpivv^^ if6nBet;als; v^^i^bi^ 



tW:^': ■ ■'■H':ii^0^^^^(^^^^^ salts ri^tvi«si':;ife^«^ ;,:o-<:::r:^'::-:v-.-,v , 

- Soiubiii1^'lEiq>ekrl»ent^^:>ipi^^ ■ 
.■^'5-f^-^^'^:^^'V^:*'«»i'^*^0/ Molecular Weight ■ Deter1llihation^Baqp•eiailirH^^^:^ 

^■^^■^■^"^;;^:<;,<>/■ ■■■ Molarity, ■Dilutions 




■" ;.I-'vrce.r>t C^r.t.-x:jairi.o.i ^r.d Sr^^^L-j^jal Forrnula^ : Intrttdlletion ^ 
■ CoiDposlticr. , Ei^piric^lV^fOxpfa^ -Bkpelrlfliant, 

-■"■■'■^ .■/;-;f^^t:!^/*^"'^'^>>-Ei»irical. Forw|lla. Problens ■ ' -"•^^-----npy'^-'.-- ''■'"'"'i^:^':- :-;;.,■:^;;^.;'>;v^-v^^■^-•^ 

Arcade style ; gaM -teBtingicyoUr:!^^ of- T'-/-'-"- ■ 



; 3 Chonica;! FogamlftS i^nA EqaskiL^pnai Chemical Formulae, 

- - JUi'iaa-'-;gmri"-Bii*M iw : WBitMar £ pM, H«t«r# Strong^ Acids and . . ■ 
M r; Bases, Measuring pH, Neutralization, Aeld-Base TltxrAtions^ 
'Jt'i^J^^tlon Experinsnt, strong vs Weak Acidft 

Metric System ? Prafixaa, Temperature, voluaae. Weight, 
Concentration^ Density, Special symbols and Functions 

i4k^ Additional CAI is available on the VAX-A copput^r via Falcpnnet. 
tiui-vprograns and descriptions are as follpwsz ■ 



Math 



Mole 

Linit 

Themo 

Aton 

Force 

^Gas 

itodox 

Chart 



Tutbiiriifti .oq-^ ipitti '-fliiid'''' V.- ■ • 

Qiriil. fqi'^c^miei^i iivipiuielatiiriB; . -J.'. 
iArbate-'*^ (ii^iui-#a»ilitii|' 
Mole concept and molecular wiiigbtir 
Tutorial and drill on llniting reagent prcOilana. 
Thenodynamic concapts and problees 
Tutorial and drill on electronic structure 
Tutorial and drill on interaolecular forces 
Tutorial and drill on gee la«it 
.Tqtiiiriai vend, dr pkej^ie^.- \' 

-'xatcMriai ie^ cm mlmisttp^^viimiomt^a^ 

.;.Tutorial and drill on redox reactions 
Tutorial on the periodic table, elements, etc. 
A cheaical knowledga adventure game (aoaua Miitf ) 



-'to- 'ai 



is!, to^^ As yott uy iwve noticed from above, bonus 

points are available when playing KAMEGAKE and AIiCHEHy. HonBSlly, Full 
Collaboration ia permitted when using CAt. However, since points inay 
W-V«Mirded for thtftte two, xNDXVIDUAIi l^f^RT is required. These games; 
are available for use throughout the year/ however ^ . you iRay.:.eam boiww 
points only during certain date*. V* will give you - adiditlQiHa 
information during tlM'^M^ ; .ptiiii^ 



■1 ••z:-i, .f- 



'■'''\.' .' ,'Cr ■■• ■ ■ 



"7" v;' 



NAMEGAME ia an arcade-style quiz where you give the correct 
name or chemical fonaula for elBmentA and compounds. You ar«i 
aw^rdtfd 10 ipoltiti '£bii'' *6ch correct ^^^m and ^haiisltd 4 
points for each wrong answer. You can play the game as many 
.timos as you desire, pnly your top. score !pountft. Boaus 
l»Qiiit;9; will be awarded to thia lioi'licdorarfl . II^IEGlM^Vwil^ 
^IM dtopiiwd Jit the end of :Letaon;T^2lV 



AtCHEky is an a you work your 

way through the land of Alchemy by overcoming adversaries 
With your knowledge of chemistry. ALCHEMY has ten levels you 
-can progress through dUrlng^th* s«»s^terf earning up to 39 
points for each successful completion of a level. The number 
of points you earn defends on the number of questions missed. 
You idse 10 points for Oite first'^'iiu^^ (rfatal' 
encounter") and 5 pointia for subsequent mlEsed questions. 
After missing a quest ion« you're removed from the game and 
must reetfter. Xf you misiii li^^ 5 questions bvii finally 

complete the level, you earn 5 bonus points. Levels will be 
open for bonus points as we enter the block of material that 
;i» ■ftestfd" 1X1 theaii- U stopped at the end of 

Usson t-42. . Tl^ fdllwliig;is .^^ 4O vii»¥«ls 

-■•pt-. alcheiivs ,.■ ■ V. 



■ 



'S : to V:V\:- 



10 Au« 

ID Aug 
24 Aug 
7 Sept 
21 Sept 

9 0<3t v 
19 Oct 

30 NdV : 



17 Alitg ; 

24 Aug 
7 sept 
21 S^pt 
5 Oct 
19 Oct 
2 Nov 
16 Nov 



KEHIIIOER: SlIli^viUigiEEMY fMD HAMBCMUIE ARE PLAYED FOR :POIMTS# YOU HOS?;:. . ' 



8 



4 GRs (300 pts/each) ' ■ ; iSOO 

8 Course Quizzes (30 pta/each) . 240 

2 Instructor Pop Quizzes (30 pts/ttiiUdi}'- 60 
Lab Reports: 4 # 100 pts/sach .400 
' ■ ■• ' ■- \ . (BMlsslon, Enthalpy/-''". 
. .-Ueterminat ion of Kc, 
.-. Qualitativa Analysis) 

..':=>.;, ' -4 e 75 pts/sach .300 
(4 Of the remaining 10 
- labs will ber gxnded : -, 
-.),; ■ :ranjao»lyO -V/" 

■■rijisl'^- -- ;/ .^y:-- v\.-'-- ■; ; ■ iftOQ 



a >GSs 

'2 100 pt labs 
:.±--ys pt iabs.- 
3 qiiiszsB. 



. - .' * 1 ■ 



600 

zoo 



r 



- •■;:\.-lfewisgane) 
Bsic»W 50% 



tkrl:-.'*)!^* .final Banoi^: (Ineltiding. AlolMfliy'. arid. 

A - 'v'.-^-.:-'--: .. ■ ■■'> ■-■> '^^ 



.J. .- - ■-- 



, - ' i --- 



>• >DliXi COLXJiAOlUkTZOlli Collaboration is de£in«(^ here to mean peiripafhB 

: worieing^'^ogethM in joint inl^llvb^ ColloboK^ticM doels -npt : > 

■ !r include copying another's work. These aoslgnmentB, prepared either ■ ..■ . 

.' inftid« or outsid* of class, may reflect collaboration with fellow 

■ Btudentff> faculty, wtmi :6t -^hit^ M.1 such; c611abc^49ttioD ; 
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Lesson 


So. 












USAPA 


in 






Homework 












•■■i-i.5 


14.16.20.2».34 


1 . 


9 Aug 


M-1 


1 


Matter and Heasurenent 


36,42,61 ' 




10 Aug 


T-1 


2 


. AtoBS and Holeeules 




25,38,40,49,58 




■ ttt: - . 


Scleatlfifr 


.Netted ; Quiz #1 - U An« 






1 


13 Aug 


11-2 




Cbwtleel f eiriin^ 








' 15 Aug 


M-a 


4 ■' 


CliHiicaL' #eEHHlpe ■ 


3.t-3.« 


31. 32, SB, «3. 49*51 - 




1 ' Aug 




5 




4.1-4.4 
AFACT: 61-67 


5 11 19 2fl 36 4t> 


3.- ■ 


IMz " 


Iketft- Aaal^es 








■ ■■ 


20 Auk 


T-4 


6 




4,5-4.6 
AFACT: 69-92 


45,48.56,62,71 






. 1-5 


7 


Eleotfoaie ^txuctufe 




4.6.11,14.20,22 


- 

- 




I-*- 


* - 


ileetcoBltf Stt^tur* - 


. 5.4-5.6 


26.30,36,38,45 
4e.54 


JL - 


liWIT ' 


SalMleiis 












11-7 


■9 ■ 


Bleetroele Striietuce 


5;7 M.6iS.6«.7« 

AFACT: 133-150 




29 Aug 


H-8 


10 


Periodic Tabic 


6,]-6.4 


5.6.11,14.16.22.24 




-.ii^Aiig 




11 


feriodlc. Teble : 


6.5^6.6 


26,30,36.42,60,63 




' 




a' #1 ■■ lM^w0mjf. % -Sep: 99 


- (ChAp 1-6) 








H-10 


■ 12- 


TbMnbachenietity 


■ 


,«.6(l0.l4yl« 




Sep 


T-W 




' Thermechealatry 


7- 3-7; 4 


20;JW;36V32, 34,40 




' ' 7 -lap 


M-11 




'jnicniochaBiatTy - - 


7.5-7.7 


49.50,55,56,60,68 


.6-.:. 


LAB: 


Enthalp/ 









. ...la sep T-11 15 Spontaneity of Koactioiu . 20,1-20.4 1.3,6,10,16,24,30, 

IZSap- ■ 'T-12'-|6. '. "Spontepalty of Reactions ■ "-- 20;'S*'30.-« . 36.46.50,52,73 
. ' ■ ~ ■■■ ■ - ■* ' - 2 12 14 16 20 22 

- " . 14 ;Sap\ t-ia .17 ■ ' ;;-<iavmlaa». tendiiig: . " ■■ '.■ ' '". ' 'a."ar>.3, .... 26,2i,34;.^,4i,^g" 



7. 


LAB: 


Encrn^ Siaulator, Brins GMmptry Kits to Le^turA; QuIk #3 - 


20 Sep 






.H-fl4 .is'' .-'f lblsnin jBtri^tijn^ 


S.1-9.2 . 


= 2.6,ip;l4v24.2B , 






-M-IS .-.IV ' /^jl»l•bu|«^ structur* . ' '- 


■ W.3-9*-5 






■ 




10:1-19:2- 


!2i4,*,«, 15,16. 2o::r 




'LAB* ". 


GeMrtXjy * Brl^B .GHpMtvy kits. ^« J^'/Dt-i -'Bwtlett 25 l«p «>; 1900^ ' . 




- -^A -Sm - 


. -T^i6 ;2i / -:^'Li:qiiids'«A4!soiid« - 


3-10,5 :. 


22.^4,:27,32i36ra6.. 




I 


. T*-17 22-' .'; |4qui4« 9oU^i^' 


10.6-16:7 . 


}4(».46,48,!50;>1.70" 


. ; 




■ T-l* -ti ■ ■ -. SolutloiM -, 


naiiv2 


4,6,a;ii,i3, 14.^0 






Sblvitioiic; CK « 2 on Ttissiiay 2 Oet' 9Q. ■ 


(Chap 7-10. 20) 




. 3 Oct 


M-20 24 Solutions 


11.3-11.4 


78.32.36.3a.42;46 " 


. ■ 
, V ^-r ■■■ 


■ -S-Oet' 


,T-^Q. 25. Mr.F^UtttlMi/Aeifl.Baln 
-Mril ^ \\ ikqiMMiA .KMetlMt:: - - 


19,5 

12.1-1.2.3. 


46,47,63,64 
2.4,6*Bil3vl4*l6. 
■,16,22 


16. 














' 11-22 - 27' 'Aquvm tm 


i; ■ ' . ' ' 


^2*,2*,36,3B;42.^B;' 
64 

1.2,3,6,8,12,14,16 




it Oct 


M-23 28 Gaseauft EqulUbrlun 


iar.iii;3.3 ■.. 


11. 


LAB: 


. DateraliwtUa of K.; Quiz # S - IB Qc!t 90 








. ^ tS/Oct' V 
■ -i» Oct '-: 


'■ ..T^aa : .2? ■ . . 6»iow 'B.qWllit!Ciia» ■ . 

I ^7-24'-. io.//.^-"AeW-M 
-■■'r--4S': ■ri'" ?'Aoldi"*irta tort**:"-' 


13.4-13..5 . 

20:7 ■ 

i4,l-U.2 . 


1S»26, 36.38.43,44^. 
52.55.56.56 
. 5.6,1?.16. 24. 28.30 
36,44,50,55.56,63, 
■69, 76- ., 




■ ■■ 


. Acid B««« Titntion; Ca .« 3 en mdmj 26 Oct 


9D ..{Chfti^ 11 


•15,, 19,5) ■ 






' ". *'"* - ' ~ .'■ ■ ■ ' - ' 




Jfc,6;i4,20.22.34 




2«Voct ■'' 


■, \ii-.27 j?: ■ jipw; iU«v)pw 1^ 








■ 'toVboi' 


' -H-28 nM- ' ; ' -:0^ni|ittry^ of :.^iw^ 





. . 1 - 


. C . ^ ■ 


■• ■■ ' :'■ ..■'■*.■: 


- ' ■■■ 






LAB; 




• '■ ■ 


v. ■ ■■.'^■:-C\>;;v 




29. Oct 


, Tr^fi 35.: OiulitAtlva J^IvxIa 


17 1-17-3 


' -1- 7 3 A 1? -lA. 


- .. .■ . 


■'3i - -OaV : 

Z NOV 


.- T-2V 36 ." q«4ilitWiv« AnalysU 
T*30 -37 -Sat'a :af JtoActton' ' - 


17,4-1.7., 5 


22: 24) 26 ; 36; 45. 12 : 

2,4.10.14,24; 28 
36,40,44 . 


'U: :' .. 


LAB: 


Qualitative Analvaix: Oitlz • 6 - A Mav 90 






Lv 


.- i- Bbv" 


' ' H-3i - - 38 - ' Bat*- At RAutitn 


A,a. 3* (D.. 3 




... ■- •. 


■ 7.i^.: 


H-32 -» ' y tti^t«>f-'MctlMi ■ . 


U.6-16.7 

19,1-19.4 


S2p 58,62,64 . *.■ 
33.3|^,3»i4l.5«; -. 


15 












14 Hov 


H-34 41 Blec troi^healxtrv 


jC 1 . i- £,L - £ 


^ A 10 O'J •>/. 






M-l^ &9 — «- ■ * -■«■ — ' 


21.4-21.4.- 


46,48,56 


' 16/ -"■ 


■ LAB: ' 










21 Nov 


'■■■Z'ii: 43--;," li'KtrbdMaUc'rr ' ; 
'.'''T.-36'; 44':' ElAirtrpcheaistr/ 


21.5-21,4 

21-7 
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IHORGAMIC MOMEMCLXTDItB 



Chemistry la a lot like living In a foreign country. If ,3^u 
■•pvftk th« languagttf life Is uore funi Learning inorganic 
hcnwficiatttrii IB ths. first vtiep toward learning the language of 
chemistry. Learning the relationship between chemical formulas and 
chemical names is essential for understanding chemical problems. 
Inorganic nomncXatutia la ajpyatoiatlc vay of iwaing the thousands "of 
:inorg«iile ,deiipq«nida --idii^ iis snpoimtfr^ 

, Your textboolc discusses noaenclaturis ot inorganic oonpoiindB on ■ 

pagM 72-78. This handout is inte ided to suj^lement and complement ' 

your booKr Another source of iiomenclature rules and practice in the ' 
-CM laMm HMIBS, Contact yolir In^ttuctor if you toaijrt: a oopy. 



There are certain elenent|i#. Qations, and anions that you MUST 
knov before you get started. ■EHORiZE these names and formulas; it^i 
as sinple as thatl For ahy naae you should be able to writs ths 
fomila and for any formica, you ahomd be abl« to writs the nams 
(including spelling.) ' 

1^ Ths first 36 slsnisntB and .Au, U, Ag,. Sn, . Hg, and .Fl>.. 
'2 .;./GaiVoondta' with 

-. B^dB. ""tordrogeh psroxidtt ■'■ 
HHs - amonia 

-3. cation* 



• ' Id^iiim ion; oodius . Ion, stCK« . - 
Btt^liun ion, maf^issitta: iOh,- ate* 
^fdfonium ion 
AlinBlmuidXX} ' 

Iron(II), rron(Iir) . -. >. 
Copper(I), Copper(II) . - 

: Silver <I) 

: Horcuryfi), MsrciuyjCZi) 



ii*. Ha*. K*r Ca+ 
»a'V llB*% Ca»t, 

H* •. 
hi** ■ 

Pe'*, Pe'* ■ 
Cu*, Cu^* ■ 
Ag* 



'JtanbniiiB. . 



.2 + 



Conibn Hoiuitomic Anions 



H- 
F- 

CX 



Hydride 
Fluoride 
Chloride 
BroM^d* 



Iodide 
oxide . 
Sulfide 



I- 



5. coBUOBDn Poly^toMie Anions' fTwb or atdns}! 



Vitt^^e 

Fexnanganate 

Hydroxide 

Cyenide 
>erchIorate 
-Jillaoyan^te 

- Phosphor io 

Nitric 

itydrbchloric 



lfn04 

OM- 
CH- 

CIO4 
ACM.-. 



HNOs 
HCl 



sulfate 

Carbonate 

Chroniate 

Fhoeph)kt:e 

P^rbxide 

Chlorcits 



If. MMi 



ZfithlujD hydroxide 
Sodiua hydroacide. 
PptaBBius . hydrbxid* 
Cesitun hydroxide 
Rubldiun hydroxide 



LlOH 

HaOH . 

CsOH 
RbOH 



Perchloric HCIO4 

Chloric KClpa 

Hydrobroinic HBr 

Hydroiodic HI 



KaaMsiun hydroxide 
CalcinB hydroxide 
Strontiii^ hydroxide 



Hg (OH) 2 

c4(oir),2 



There are Xour ttsln cL 

hov "kb hane: ■ 



oc inovQaaic ocovounds tie. will, laarh 



1, compounds made from single valence metals* . 

Compounds made, from multivalent metals.' 
3 • . Cotopounds oontainijig^ biily ' ifeohmatallio . aiaiisnts. 

4.- -Acids*.. 



C^tWNPS HADE FROM SZII^JE VftLBHCE METALS 



In g«ner&lf these cospoundtt made using at least <»ie of the - 
netala in Gro iv^a lA and IIA. Theed metals dojiots elechrons readily 
(they have a low ionization energy) and always have oxidation nu:i\ber! 
corresponding to their group nxunber. For eacanple, K, Uti, C», etc., 
have .oxidation hultfwfs. of +1 iinlx- All we have to do is specify the 
catldn (tlw i<Hilc Mtal) followed by the anion. He must also ensure 
that the -mil of the oxidation nuiribers is zaro (fur we are dealing - 
with neutral «iol«cul«!9) -.. Hera are some exanpless 

sodiua lordrldtt.- 
cMiiim- oxide- . 
barium fluoride-' 
hydrogen pyanide . . : 
- stmstiuB -nitrldie. ; 
. calclin. iKydi'Meide ' '. 
lithium phosphate 
-ufpi^Aiiiiii. eulf ate -'. 
Hov,-.ifOU.tty'a odi^l*J. -■" 

[ e. Ma2Cr04 '•' . 

»agne»iu» fluoride. __ ' ■ :■ '• ' . 

In question (aj ^ t?i& -nation is Na* Csbdlun) and the anion is CrO^^" 
(ohromate). Tliua, the compound is aodluira chromatg. In question (b>> 
<£2gnesiue ^iete in coepound f om as Mg'*^. Fluoride is the F~ aniof^. 
To niake the cojupound noittral, v« nete^ twff "F'fe^ ThercforeV .the 
formula for aagneslots fluoride i£s MgF;. 

: ' ' tt m have an ionlo compound that contains tiydc^en along with 
-Jthe .eation; then we heed to Specify the iiiuber o£ hydrogen atoms in 
-'tlie.:o<»!p'c»iiid* Fbr/ iiMtai^^ 

NcaiOOd sodiun Hydrogm o^^ 
,,. Na2UP04 sOdliu Bonohydrc^gen phosphate ■ 
HaHxPO* scidiuM dihydrogen phosphate 

In %hm iiaa&itm m m itim 6re<^c prefix, befora word, "bydro^len" 



MaH 

CS70: 

BaFz 

HCH 

^IrsMi 

ca(oit)» 



ibo. 0peicify th« nunber hydro^ons. In case you've foc^|£it^nf here 
inono- 1 . (Oaittegl if ijo other prefixes are used) v.. 'U : 



* t ■ 



Hotioe that for HjaH^O), the hunber of hydrogens is not spacifiad. 

r- This ia because carbonate has a -2 charger if sodium (Na^] combines 
with COa'"/ there is only "^roow" for one hydrogen. Thus, the mono- 

r.\-^ . Hpnionic jBstols can usually have nore than one oxidation state, 
'-^t^aii;- - tot- twit*^ Moat oth^ - ■ 

transition metals can also assume more than one oxidation stzite. Ttife 
. !. way we distinguish between cowpounds which differ in oxidation 
namitBVB Is by uBliig:: Bnaiil >iuwftrals> which Is icnown the Stock 
systan. The Roman humeral indfcttt^ tHe oyi:4f|tion number pf the / .. 
. cation and is enclosed in par^thaisM iiaAiujidlisly a^ netal . 

li^p -. :Tako a .locA;At t||JMI#;-PSCi^^ 



-^>-^^.;v,,,:,.^- :v'> ■ ye2(aQ4}'i > ■. - iron(III) •ttlfate-'.'^v^."-^.;;:' ;:.^;--s-.v K^'-">".>':-'"^:v'ic-^-'v^ vW='= 



.>A^--^v>'-r. -u^ PbO, ■ lead(IV) oxid* -., v,:.. 

'^^^ -CuCM ' ' copper {I) cyanide" 

. Hg(OH}.2- / \mercury(II). hydroxide x^^';^:^:-^ 

' , , .-V.-\' ~-',-"^ 

^ Note the sum of the oxidation..numbers(s) of the metal a^caotlv:^^ j 

caticels the sum of the negativa^^n^rgeCs) of the anion. Ifot^ alad'- 
'^l^r: . that you -need nenorize the oxidation number of the metal because 
v : yoo^ .M .always back calculate its value by knowing the charge.: on the 
!f 'iJ^il<6l^«''''^1^ 'bther' WbrdiV'ripiiQrlsav ^irn.^ anioiUr;:^bd|th^in|^^ . 



Lat^s try a couplet, , .. . 



: a-",/9^8p4 



1-9 



xn (a), ren«ittbttr to key otf the anioni Since you've already 
. ''tMMrlied (?) thtt anionty you khotir that sulfate has a -2 charge* T«>; 
'.; -ipake the coxcpound neutral, you know that copper must have a +2 
' . 9harga* since copper ie multivalent, we will express its oxidation 
' State- when wc name the coaipound: cocper (II ) su 1 fate . Fox- <b) « the? 
■-. <III) tella us that the iron is in the +3 state (Fe^*).- We Xn otf from 

our memorized list of anions that carbonate 'has- a -2 charge (CO,''). '. /: 
To make a neutral Iron(III) carbonate formula, we must balance the - 
nogatiVe and positivs oha^ga. Two Fa^^'s and three COs^.'^s would 
: ; bklaWflb the Oharge at >ft «tkd -«t Tm^iCO^y^* 

AS with nost topics in chenistry, there are always eone- 
: ~ ejeciifPtidmii;' k mnftikr of Mitalii exiatt miieh are not in Groups > I *or tl ' 

and have one oxidation state. For these oompounds you do not specify ■ ■ - 
: the oxidation state in parenthesis. The exceptions you should know 
; . are Ag Ki(+2), zn(+2^, -an^ ja (+'3| • Here's sowe sxaiipies of 

■ "■■ «ii(el04)»..- ' nickel psrchlorete '.. 

AlHs aluninun hydride 

Hemeober, we used no Roaan minerals in naming these exceptions.. . Note 
also that aost transition netals can exhibit a +3 ion due to . 
.-.ioniBs^im or ttas -2s e^eptroha* ■ 

epmadm^ SLiiiBHTS 

Let's nove to the opposite end of the periodic table. Here we 
!; - --find the nonnetallle elenents which are defined as having a high 

(negative) electron affinity. In general « the nohmetaliio sleiiients; 
include those eleisenta to the right and above the daric/' sblid.., 
stair-atcp line on the periodic table that forma a diagonal frtn - ■ ■ ." 
boron (B) to astatine (At) • . Conqi^ounds formed eolely from these 
' elenetits will be bovelent in iaetare-. Wmhi liening thesd nolecules^ ve . . 
use Greek prefixes because the oxidation number or each eleinent-is 
not always obvious. The compound name begins with the most 
eleotrdpbiiitive atoik' (the least electronegative) and then the other 
/ element is named <once again with the fideM. ending ee. in t.he z^nion) . 
'■'htlt'wi look at soma examples; . 

cor*-" "r cartoon tetrabromide 
-' PTs phoephorue irlflttoride; 
Ilr20!, dinltrogen pehtolxide'-:' . ■- 
XeFi. xenon hexaf lueride- / 




■The formula in (a) la nilir ogan monoxldft .. there is only . one of the. 
*aro «l«<:tr^>pcsitlve &tcu\&, the *«ttjno-" preiix can be 'droppisd. The 
^K'^tiQ-'^ prfaCiv Ik Always used for t>*e s^'^r^s elaoti-f*nGg:3il:ive atom^ In 
{bji « no prefix, on tihm mnXtar iapliea one sulfur. Hexa fluoride means 

:Bix- F"'a^- ..Itaeraforer tlitt.-fenMila, If SF^^-: 

Acids . -v- : ■[■''■ 

Ab a final not«, we should talk alNiut naving acids. You should 
.^.be faadlifr with, ttovifi c.ommon nanes, .iim^A' as the following: . 

■ ' "nitric «old.- 

. . All oxyacids (a&iide cdnteialtig oxygen) ar«' iMwiil efter. Uie. nan* - 
'.-Of tibtt -AnlMi; . For «xea|>l«f 

MCSIOa- perchloric aeid ffroM^ 

" HClOa rhlcjric:! rtcid (fro» chlorate iop.) 

HzCr04 chro»ic acid <froB chrovate ion) 

Other aei^c hav>« th« sAsia^' fnmiulA as sote of the coiiiqpoiMidfl! '. 
4i£tcussed above "cut hava a ditftrent sibbsi. 

: HCi(ai^) . hydroictilbrio- acid ' 
KBic(a«i) bydcdtoroiiic add 

^ V , ■ ; ■ ...HCW {aij).. - .hydriapyftnib- ecid 

kbat of the ti»o we vilX add th« sbbrevlation for Aqueous («<3) after, 
the eonpound to indicate that It is dissolved in water and is, . 
thereifbr«r an. aold. For instance , HI(aq} would be i^llad hyorplpdic 
ViMid\^«ttt-«a '-m'>^^ be .ten»<l.:hydrfigea iodide. ' 

Homenclature is an iaportant p&vt of the langucigc or ch&nlsttry. 
Get use to matting tbas«,qc»ppwida*. Xonf 11. be seeing uucn more of. 
..-.theia throu^out- the- year ! V;' 

The next page is a ndoaehoiature.. work iheet. Use this to .help - 
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. iidiKiC..raoT ■ 

'llev»' I«!t^V,Mft hoW iinuch you've learnedl -Ximm tlM following to 



Bad a 

KHS04 



(IIH4>3H»6« 



snci4 
kbH. ^ 
NklS 



MB*' ^ 

'i ■ 



HCIO4 



Giv lormula* £ar fcfca gallowiiiys 



rfiiV»r phoaphata ' - ■ . 
copper ( II > oxida . ■■ " . • 
.Basnealua iodida . . . ■ ' 



titimiunixv) ^loti^: 



aodiUB sulfiaa 



iKttnfll) aiilfata 
aalf ur tricnida _ 



aluninum aulfida 
carbonic acid ; 



• J '. i ■? I. 



««i«BtlCltt 

eiiaiiatrT »i 



TQ fc-ecojuc! proficient in using th« aHeivntific Mthdd. ' Thla l«b 
will lead you through th^ scientific Eiethod r^f problem solving, Yoo 
will viake observaticnB, eKanine your observationa for patterns, taake 
s3,nA verify hypc?t:hes«s, p«rfom ttxpcrinents that w«f« designed for 
you, and design your own exp»riM&iiits, Finally, vo^i viil be abl« to 
det«rmln« the reaction pathway for a "clock r««ction.'* 

IHiTBODDCTIOM /■ / ■ 

Frsncis Bac-in suggested centuries ^^igo that as a rssi»lt t>f 
careful pb^e^ation of phenonena there- would always energe a logiccti 
«xi>l«hatlonf others believe that ainless ejcperimcntntion with&wt a 
prsiJj^r.celved objective leada nowhere. The acientist. works i^i two 
directions; he collects data and froa his cAservatlons he proposes 
eixplainin^ hypotheses threuqli a process of induction/ then he setts .' 
to verify this explanation throug^ a procest^ of taeductlori. It is the 
rai:« scientist who has enough i^aagination to create new valid 
hypotheses. Most scientists 5ust *get Bileage" out; or scineon^ ilsb's 
hypotheses by doing variations of his csrfmriments - It -rfs;; forty ' 
yearsa after rioted th«cii:etician Albert £instein proposed the 
conversion of mass to energy :that the invention of the. atGcslo bdnb . 
yalidatedt his hypothesis. 

The iric!u^7tivie siethi>d propellad <^ciehce to promlnenoe during the 
Enlightenment period ci' the Renaissance. PreviouaXy the ancient 
GretfcB worked entirely through deduction and the fiction of the four 
"elewenta" (Earth, Air, fire, and Water) . Later, the pursuit -^f the 
"Hateria prima" by AIch:enists testified to the futility of a purely 
dediidtive process that ibegins with an idea , and danias the results of 
any aiiperiaeht wMch doaa JMt turn (l) 

Modern seieiioe- detes froB the sixteenth century lihen aystenatle 

obseT-vatlon and experittont idc^veloped the Inductive part of the 
prac&stsiu The formation of a hypothesis is an attempt to guesa why 
iBoaiethiRg Ei^ppens, h«/ics it is inductive. Deductive predictilon of 
results leads to vc;r if icatlo;^ when the hypothesis i& tested. 
Rejpeated obaervation-pi:e<i1,ctii>n-v«rification-revision of a hypothesis 
leads to an acceptable wxplanation called thscry, Thia an^tsoaoh« 
in. 14^ sinpf^st fwcB, ccnisists of aa^aral distinct sl;^x . 

1. Kakiag jabaarv&tl&aa. The cbaer^^ations May be qualitatlva''(the ' 
sky is blue, BCT ia fun) or guantitative (the pressure is X 
Atabsphera; the tenperator* ia 21* C) « Hany chemical reactions 
Involve changes in color, evolution of a gas, or formation or a 
precipitate. However, not. air reactions occur instantly, some take . 
-minutars^- hours, days, or aven years. (2) 

2 toctking for pattaras la tJie observation. This process often 
results in the faruation of a natural or acientifio lay. if or 
mm^lUf atndiaa pf .odikatl,apa oheaical xaabtiona hAVa ahown. that the 
^jmbatanqea praaant aftmr a raacition havp the <a»s. total nass aa that : 



of subatances p]:«B«nt to«fora the reaction took placa.. These 
observationB can to« generalized aa the law of conaarvation of maBa. 

m ■■ 

3, rorxulating thaoriaa. A thaoiry conslats of . a set of assumptibfis 
put fdrth to explain th« obGerved behavior of matter. At firsts the 
set of asaunptiona Is called ah Ityppiliaaia* if the tentativa .. . 
hypotheais survives the tests of many escperinenta, we gain conf Idance 
in Its value and call it a theory. At tiiis time, it Is important to 
diatingulah between an observation and a theory. An observation Is a 
faqrii thst: aiidur^iif . tine, v|iile a theory is an interpretation ahtV luqr 
clhautge taten mare facta are knoini. (2) 

4^ . Deaigalag e^iverittaete Mke test tiM tkaoviea. Typically , eeiehee 

le self*correcting, continuously testing its theories. We nust 
ccmtintie to. do exparivanta and refine our theories in light of new 
bbservatlc»w 1^ M hope to approacti.a sore Correct understanding pf 
aetuifal >henoHha. (3) ■ . 

IQ^en dealghing an experiment that involves several. variables, 
one iiuat ^laiige only one variable at a titte*- if you were to change 
t%«o variables for the aane ei^erieentv it- would be iinpoeoible to 
detemine which of the dmhged paraaetere caused the ebahge in the 
obaervatian. 

The preceding. discussion describes the ideal sci!?Ptific method. 
However, it la important to understand that science does not always 
p^regreas smoothly and efficiently, scientists are liunanf They have 
prejudices; they misinterpret data; they become emotionally attachad 
to their theories and become non-objective. The solentific method Is 
only as effeotive es the humane uiitig it. it does, not automatically 
lj»ad:tq |^rogres*» 

This experiment is deslgncti to give you Bome practice in the 
ways of acientie'te. The scientist observes results of procedures, 
Mikea hypotheaes to explain these riisults, verifies the bypotlwMtt, 
designs experiments to isolate one variable, and finally aaseinbleB a. 
theory about the reaction. The chemical reaction that we are 
investigating la called a "cloclc rs&ction.^ Chemicuils are mixed and 
after an interval of several minutes the sudden appearance of a blue 
color signals the completion of the procese-^-a chenical reaction has 
taken place. You will first carry out sone simple combinations of 
soiutioris, record the cesttite, and try to explain in chemical terms 
irtiy ohangee occur. As euteessive steps became more complex^ looOc for 
consistent patterr.s tmril «>:<cr^v-'tion»» varify changes, ahd finally try 
to put; ■ together a description of th9 processes which together m^ike up 
•.the. dock.' reaction* 

SMperiiMiUt). Infezmatlon! ; , , 

1. .<^e»an the pijpeta before, end . after the lab^ 

2, Keep :the pipets used for tiie iodine eoltitiba separated from the . 
rest. Iodine will atain the :pl|wfe« .mmI we want tp minimiae the . 
number of pipats. we stains . 



"y.:--^-^' ■ ■■■■■ J m^' 
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Biieord all obBeiVaCibtls^^^s^^ your AXplanatiolis iii th« spaca provi4j|d. 
Ba sure to observe all reactions for at least 10 minutes before 
ailiiunlng iiothlng has happened. Do not stir the solutions after . ■ 
;mtlal • nixing. > : 



1^ . iPlace about 3 drops of XI (potasaiun iodide), KCl (potassium 
chloride) , (im4)'3Saai» (MKttlilUB peroxydlaulfate) , IfaaS jOs (soaiun 
thiosulf ate) , and 1; on separate locations of your r^a^tipn stif faoi^,. 
Add 1 drop of starch solution to each of these solutlonsV: Ro 



■hi,::j^:\'Kpl, starch 
e. I2, starch 



;j5jt«uro(i indioatiwi tiM pi^eiMBnce of .«^a^ apecles? 



2. Try various oonblnationa of the solutions used in step 1, talcirif^: 
them two at a tine (uae about 3 drops each). Then add 1 drop Of - 
litarch i» 4^ac^* ' iihi^ odlMbinations give a positive result 
(appearanca or 6lBRppBnTt^Mm:.\0t t^^^ This is. a key ataP :^ 

.:analyzing th# .raaetioa. , v---^^"V:-.' _,.:;;."v...V' \^, ■■:V""'v>'" v--^^-"'-^ 



Bolution ' v^'ivv:. flbservatioB 

. av.. .KX,...xci^. ataxoh ''^-"'^ 

>ii-.-:''"'Kl'^- MajWibiV' st|!KtiiSh 
d. KI f 1 3 f starch 
i&i Rpl, (HHia 3$3f;ta> vt;arch 



d. Ki, I2, . starch ''*^VA. ^•"^••l-^'■^^^^■ ^;i-\i'-r --.:'--7..:- ■<■. "■■ ''^i:.^:::^ ' 

; h. (NH4) xBaOi , Ma 28^0 9 , atarch •v.-:^---XV--'V/.^-:v\-;^:7 



^3V^" on.. tt«c»arate. areas <>n^,:^lie. ireactiOKi,. surfacs places 

3 drops of Ki 
:^ ^(b) 3 drops o£ KI axid 1 drop of Na2S20» 

To each of theeier add 1 drop of starch. Then add 3 drops of .. 
(1014) zSWr* Recoxd :yciiir' riMUlts below-azid explain why you think a 
positive result i#a« br wm: not obtained « Wu^t seemed to be the , 

effect of ttniSjO^T /r^-x 4 . ■ 



Starcb;'!.' 



> fti^ with theeeU»olut 



/v^:Brlefly euwMirlze.tdiat you think are the roles of Kx, KC1« 
f :-" (llH4>2S»0B>:Wi8^03V and ittarohv WiiBir ySpiir d your 
y inBtrupt<»tf t^: hav» ^nd hypot|ienf 





































■- ■ \ . . 





































Am Now for the fuir-vOli*^ v^iMkltion 

Solution li K«BBUr« 8 dropii 0^ 2iM: .4^ 
Na23.a0.a^f,. and drop of starch,.,^ ; ■ I .:-." 

:^ t^&olution Tis itaiMviiti«t ii iliN^ 'of bViw Record the 

''jtoon-;'teiiip«rature*' ■ ■;■ 

" ' :/\TiBiBpoMturor -.■•"^ ' ~ v *^ 



HMdt -i^ 0Olut ioh\ -ihidd«nay tuciii . bluo r•eol^d th« . ti««* - .IR^pfltat ; this 



^Flao of fwdtiorit 



5» Rofor to your rasults In Stap 3 and varlfy that they a lire - 
consistent with results in Step 4; if not, repeat any part abibut 
which .yqu oco unsure* fituBaMrize.vhat .ypu think is oocurring. 



' 1 . . , 



6, Concentration Effect. The so-called "Lav of Mass Action" 
. suggeeta that the rate pt. H chealcal reaction is effected by changes 
in the concentrativni- of "tlM *refti:;tanti; Hy]potbMlf« Wluit ybu tiilnK 
the results would be if you were to decreaM^lni! -^09*-^h4lC .t(ie; ^ 
, ot Ki, im^ltSzOu, NAaS203, and Starch? : 



a. KI \ 

^V.---?-"--:: " d. 'stai^""""- ■ 



How teet your hypotheses by designing an eseperlnent. Remember that 
you aust obssgs s&Ly OBS vsxisbls at ii- ttlie. if« for example, lo 
dropa of KI are used instead of 20 drc^s, the total volume will be 
less and hence all concentrations would be altered. To remedy this 
you muat replace the Disslng 10 drops. If this is done with 10 droptf 
o£-<d#loniZ!ed watsr ^ tbs eprrecA .::voluB9.. of . solut^ 



■■■ -r^ ■ 



8t^ 4 



; Explain your resultsv 



7* Tenperature effects. Sun thft full clock reaction (step 4) at a 
different teuperatlvFP- V 'ltpe6i:<i: mat' wwli^ 
the teaperature;^- :vr--::/" ./^ 



CoaclUBloB 



■ .(■. -. -1. 



]f6i#;.thQt you been ^uldiMl' thtbtiafh a systematic analyeis of 

dhenlcili' Ifeactlbne, fron slinple binary cbiBbinations to complex 
processes, you should be able to suggest the actual reactions taking 

tlacie : In th« •■clock'* reaction, in addition, you should be able to ' 
iiknii^ 'h^ af fetot reactic^' 

.i:':-;V'>;ri1^^ principles are important and will, therefore, be iufvd : 

V^^^^ this course. T!;ie )»y point when designing your own -C 



^.,.:_.yJtOlp0aclnBnt, as ycm vllivd^^^^ is to change only CM 



■ a: - ' 



a.- Zund^AX, StevMn:^i^'t. Chamlatrv. 2 md. Lexington, HA, D.C. Hcmth 
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l^iariMental Report 

1. Tell which of the following rttaetl6ii8 .a.r^ 
c^aervations- and which ar^ notv ' -'"O 



Consistent (V/Nl 



■ \ ■ 



J -- , 



la t fttarch ;-------> 1 2--»tarch (blue oplpr) 



2. Devise a reaction scheme (coabi nation oC reactions above) wbl^' 



'■".'■I- ' 



-V 3* HOW did changes in concentration and changes in temperature 



I.'''. ■' 'i 



'".■>■ 



.- '•■■<■ '. ' 



. ;-.-..-f •' . 



DATA ANALYSIS 



UBsd 'tQ analyze experiusn'tal data Is a graphs : ' 
Prdduoih9 a quality graph (or plot) ia not as easy as you might / 
think. Most of you have experience plotting points on a number lihei 
Unfortunately^ t^tt propar Mthods My not have tae^ rainifdtrci^d or^ v 
^oroughly dev«l«(p«dv/ Thilil ' 
creating quality graphs from experimental Uata, and then discusses 
same background and tools for Bianipulating delta to produce .acceptable 



THE BASIC RBOOIREMEtraS OT QRAPHIHg 



If you examine a place of quality graph paper, you iinTciediately ■■ 
notice it is divided into severar different sized grids. Usually :■ 
each of these grids is denoted by differing. daricneBs of the grid 
],ii;i,es- The purpose of the^e. diyisions is td hcilp ybu' graph points 
accurately/ and t&Bn extira<i^ data-from your graph. N£VSr use square 
ruled paper (usually reseirved for engineering drawings) to produce- 
graphs. Figure 1 shows., the difference between these two types of / V 



"',.V 



'I' 
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OlMUtY : 




■'f;\ :^>.■^:^:'-^■«iifie^^ja acceptable- graph is' to 'iieteide'-how"--- 

the axes should be aligned on the graph paper. You should arrange 
the graph, so that it fills the majority of the paper (nothing. is . . ; 

i{p/ : M0tj^ in-.^r^ than a postage stamp sized gra^h on a sea . of - eti^ty -^^^ v^^^^^^^^ 

■■^TE^&r) , But which a)eii« ^tkott^d iMi the "horizont^ axis/ aiki wtii^^.' ^ 

z^C^J^-t^e "vertical"? ' ^'r " ■ ■ ■">v..:-'; r - 



:'>: ^ Easy enough. Those,- in the know have assigned sp^lal names to 

da^ graf^/- All ybii he^ d6 Is foliow tti^ir lead. 

it^i Exaiiiine yi^ur -i^^a and decide which set is not affected by tb«i ■ 

expeirimenj^^^^ Is the in4ep«ndenc data, .or. the independent 



var labia. Usually, this Is a quantity that you control or set during 
the experiment^ such as tanperature, pressure, volume, or an 
uncontrollabli* quantity* llk# eiK«. The remaining data Is idiat you 
observed as a result of your experiment. This is the dependent 
variable. ALVAYS plot the dependent variable vs. the independent \ 
variable. Put another way, the dependent variable is plotted on th« 
Y-BXis, vhile. the ii)4e^ftndttnt variable is plotted, on the Xraxis. 

Kow you are ready to draw the axes on your graph paper. First, 
each axis should be drawn approximately one., inch from the edge of the 
graph, never on the Very edg* itself. Thie ■li:am you to Uritji the 
scales and titles of each axis or the graph as opposed to writing on 
the borders. The second requirement is that the X-axis should always 
vbe placed ao that it runs parallel to the bottoa or right side of the 
page, never on the top or left side* Figure 2 shows examples of the 
correct and incorrect manner of placing the axis on the graph paper. 




Zh addition, you slibald BcaliiK the axes iio' tb»t your plot 6^ line 
will fill most of the graph paper* If yoU/can increase the magnitude 
of your. scale (i.e., spread it out) and itill fit the axis on the 
:i,pag«, iDD it. examine your iOata tthd identify the range of values you 
need to plot. For example, your values for the independent variable 
. (X) range from 400 to 8C0 units, and your graph paper has 25 major 
r divisions along the X-axis you'vs just drawn. The range of data (400 
:- 800 + 400) divided by the number of major divisions (25) ls.l6if 
Thus, you would ■ fill"- the graph if every mejor division egu1aii«A i^. 
units* Great, but most graph paper has lo minor divisions per major 
division (see Figure 3). Using 16 units for a major division is 
' eiitkward. Instead/ use only 20 major divisidhi td. r^resent your 
range of 400 units* Nov, the major divisions represent, ao units . ^ 
each, and you've filled your graph paper with graph! 
" .•• *. >• 

.'^ ■ , TWO other, tools ^or . filling the p^go 9res. 1) Do not: use zero : 
.. as the brigih If yOur.< diitil- doesn't go tfl .s#ro - (as in bur A&aVe - 

'-\exaTQple) , or to rotate' '.-tlMripagis' and . i|il^b<il-!1^ 

.^•sidie of ,the .paper« . V,'" \ , " - 

Finally, the minor divisions of your axis should Indicate the 
'Same number o£ significant figures as your data contains. If your 
Vmeasured vaiue^-is- i..93f . ypu heVe;.:t6;|»0v*>>X«: to -roa4..l*'9;3 bn your. r 




2. AXES LXBEL8 - 

Both axes must b« labeled. The label should be a one or two 
word description of the quantity represented by the axis , and the 
units of the measured quantity. As an example, assume you have 
■ ae^eured pressure as a function of tine* The Y-axis would be labeled 
«P]£«ittu^ (toxT}"(the dl^ variable) and thts X-^axitf labeled 

\^^'-*^^ae<Bec6nd8)~*( yariablei) i- - 

When =dhoo&in9- the' to remember the 

- scaling-QliiMen 1^ direw the witee. Cdiwlder the^ f ollowin^ ' set= o£. 
>•"'.,• -^lata: .. ■ . - - 

y--\\ ■ " ^ aO--^ ■ -yr-: 930--- '.^-y'l-'-.-i 

: ...ir';; : . .■;.-v20ia... :--.r-: , ^ 

. It may be difficult, and it would be Inconvenient, to write the 
number 2010 on the Y-axis. Instead, change the number to 2.oio x lo^ 
and label the axis vith single whole huators. This has beeii done in : 

- Figure 3. Each whole number on the axis actually represents a nii^ . ; 

. . larger number. You have now chosen a different way to represent -the : - 
.^ *■* "jUaie : oh ■ the , grap^ 

Note that in order to pldt the data iis a mmber less thah tiiok^-S:-'..'/^-.- 
we multiplied it by 10" Thus, any number we read from the plot Is . v 
' actually Y x 10"* = Y', where Y' is the value read. from the graph. 
.;.Uie neW labttl Woiad b«i r^eseure 16"*^^ i*(dloating that the /'. 

ectt|Ul Vai^e- otiptii^iBfax^ lO'^ bef core being pXbt^ 

-.^AV>nMviiliiv.vuJtli!M. ■ - ■ - ■ 

Now that you have correctly drawn and labeled each axis, you are 
..r . -^^^ plot the diata.: -Always use a sharp pencil or fine point 

./.V ^ writing instrument to place the data points oh the graph. Around 
r':'-;- each point draw a small geometric figtire sttoh as a circle, square, ' 
; : . - rectangle, triangle, etc. It is best to use a stencil to do this. ■ ' : 
: ^ : llieae geometric figures will help to correlate multiple seta of data . ;.. 
^ '^"-^-hn-'^ihm same giraph into groups, as well iae help yott'i«Mite this data.^.;^- . \ 

pbihts. Each set of data now has its own geometric figure, whldii.yott 
■^J-}-'}whtrVLl^ llat in a legend under the ,tltle block of the grafA. 

^ly-- :-^':'^-:\ -Ip^titiM data is of little use if some triiMd b£ telationahip ^ 

cannot be established. To see a trend in the data ciiaariy^ lii* draw a 
V' ." - curve (which may be a straight line) through the data. i*here are two ; 
■'^.'^'■■'■'i^jmmT^ ways for drawing this curve: the "eye-ball*^ method, and the ' ■ ^ 
; flathematical fit method j,-..l*t^8.vJ^r»t,:df^ ;the "eyer4»ll'» . met3hd<i; j:. --^^ 
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MfiVBR play "connect the dots** vlth yoar data. The object Is to 
draw a smooth curve which best represents your data. Two types of 
tools are available to help you 4o this: rulers and French curves.. 
Bxnlne your An^ 4«texaihe (by ■*eye-4Mai?) if a tttr^ight line, or 

ft <slufMI lin*. best MtcheB your data. . 

if etreisht .line le r«ciuijpad, t&eii the rui«r ie the. tdipl ymi 

If you believe e curved line le-tiM answer, then a French curve, 
will beat suit your needs, choose the curve that allows you to draw 
the best fit to your data (it is not uncommon to use two or three 
different French Curves to construct a single curved line). Align 
the curve. you chose to.thr^ d^ta points at a time. It is not 
beoeSsSry that the ebr^ pass through each point, you might need to 
select an "average" position with respect to several data points. 
This requires that even thougli you are only matching three points, 
yon. Muvt ksep in Bind the entire set of data whil* consttueting your . 
grspti. 

If your data doesn't appear to' be eitttsr a etr^iglht line or a 
curve, of if you're just not aure^ then the next method of fitting 
your data to a curve should be used* In this method we use a 
■StiMMtlaiii iModftl ail the tool to fit .the data. 

-Mathematical Fit Hethod 

There are pany Methods to aathematically manipulate experimental 
data. Yoa aay havii heard of sdae of these manipulations aW least 

squares, power curve, linear regression, etc. Any of these are very 
useful tools, though some are much more complicated than others. An. . 
excellent sourois book ie Curve Fitting folf Pgottyeietohle CalOuilatorsr . 
by William H. Kolg. it contains iii-deptti discussions of several 
curve fitting tools « and programs for programmable calculators (or 
personal computers) to do the ourye fitting analysis. I will limit . 
this disctMsic»n to tte nost eeasMn sCotk* :linsw .z«gressJ.on. analysis* 

Linear regression analysis, or curve fit, is used when and only 
Uhfia you are reasonably sure your data represents a straight line of 
-the form y - mm + b; Many calonlatttrs haW a linear regression 
analysis function built in, or D'>y be programmed to perform the 
analysis using three mathematical formulas. These three formula are 
used to determine the slope (m) , this y-interbepit <b) , enil/the^ "' - 
"goodness" of the fit (r^) . The equations arS limbed: Mlow if -yoU do 
not have a calculator to do this for you* 



1 * . 



:*-■.-/.-!:'..-.:,■ n ^^V^.-'■■• n ■ ■■ ^ . . ".■ \ ■■, ' ■ -.-'■^ 

The coefficient of fit, r^. Is an indication of how well th« 
data fit3 a linear graph* Generally, the Closer is to 1.00, the 
better the fit of the data to a straicfbt line* lA each of the v 
equations n is the number of data points. Recall that E is the 

; BUTOination symbol. For X = X,2, and a; Lxi means 1 + 2 + 3, or 6. Be .r-'. 
careful to note the difference between Ziti 1 and {Xxj)^. The first : - 

. ■ wanB,.\l.:t- Z^ .the^eMciiid;" ifottld nean { X. + ,2 a),-'-.-- 

^ ^f your data, doe^ not represent a straight line, then you should 
r««OZ« to thtt'oft^er tbel% a These include the least squares 

: .. analysis, logarithnic, pow^r, or polynomial curve fitting models in 
order to obtain a Mathematical relationship for the data. Detailed . 

; Ihforiuition pfr.theee tbol8^ilay be found in iU>^^^ on.. 

statletids, ee well as the soUrce bbdk Xfve already ^MftieiM^ IT.I!; ■ : 
Ko|ig,.-'V,v"-- " " ['':.'■'.'. -■ ■\. 

:.' . .-fiiiiniputer' Based Spreadetieiat*;-/; 

Computer based spreadsheets make the handling and nanipulation - 
' of large amounts of ^ata a breese* : Ttie most useful ones include e : -. ' 

graphing package- that will take aiiy data 'you input, and pxMUce' v 
: acceptable graphs. During the laboratory period you will nake ^ ^ . . \ ■ 

eefveggl^ and perform i^tve flttiiiQ with the aid of a . . ^ 

■ 5. TZTLB BLOCK ■ . - •■-vr -- - V. 

The title block contains at least two parts: the graph title ? 
.: and data points legend (as seen in Figure 3). Hake your title » 
> short, clear description of the graph's contents. This makAS iti:;; / 
.^ reasier to reference in a text, as well as provide the viewer a \V r 
V etat-ting iniS^ place the titi<e : : 

block neuc \:tete/tqpt::.of .your; ^ (r^maahiatf .'^m^^x^^ ttiie ^. 

.V f^bottom) * r- ; ■ ■.="/.- '-^W'iX . , ' ; -".o- ■■■ ...v'-.-;-;' 



■ V ■ 



PROGBDUM 



■I. ' ■ ':: ' 



1. Using a spreadsheet graph the following data set. If the plot 
appears lin*ar# f tH« aaops and ihte^^^ fitting: ai3Ld\ 

report the equation of the line in the fona y = mx + b. Make sure; 
you obtain a printout of your datar-graph* and curve fit. 



dependent variable 



1 

■ . 7 

22 
31 

46 

S2 
55 



independent variable 

^- 2 . k ■ 

' : 7 ■.■■■■.■■■:v'..- 

e;;...v;v:ii.;;-^;;-:. 



.IS. \v ■ 



This data can be fit to the general form y** x"^ + b. in order tci-. 
obtain a linear graph you must take the logarithm of the data points - 
.to.n^js .tte^jSjrweiriilj^ log..x + log b*^ 

Use the spreadiUieet to take the logarithn of your data pointsr . 
and replot t^e data. Mow use the curve fitting routine to find t;he:;.^ 
sliHpe ^nd 'intwroept of Idig y- .B n log x -i- log b. Report the eqoiitibii: 
for the data £j0flc»^:/y ,,lisk(iL sur^ yi^i.pMwkin ypu^ 

printouts.. '''':'>''^y''' y.-.:'-f''-:'-^'' v''-:': V[-y^y^^'-:'\:^----^-^^'yi--^-.-:^:^' •":'^:;v--:'V^""-" 



. -■ > " 



' ■ i . - - :■ 
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2*. we'll now looK at some typical data for a lab you will perform 
later this ssmeat^r ^ thft dtttsrmiiMiition oC an .«guiiiii>riiiW C0¥i9tantr' 
Kc • . TI^«rnodynai4c inf^^ XaB and «9): ^4hui' tomd :bv Jiiuisuring 

Kc: 9t a.' Idiown teniporaturtt and ufiii^r tiiie aquation - . 



In K - - 



AH ri_] + AS 

K ItJ -ft 



.- ' .f ■■ ■ 



R is the gas oiMistantf: 0.31 J/aol K and T la t^iiip^uiitutia ih - 

Kelvin^ ■- ^ 

Naka '«n apprpipriata graph for tha following, data- and.. £4*^ aH axid 



■ - . . . J ' . 



-' .r- * " ' ■ ■ * ■. 



%4 .■■ .- 
■ - (1- 



For the following sets of data, produce two plots on the same 
. piece of graph paper plottiner volume as the dependent variable and 
; temperature as the independent variable. Be sure to draw the 
■ appropriate "smooth curve" through each set of data. If the plot . 

appears to b« linear, perform a linear regression analysis by hand 
. Uff^Jng the equations on p.S and provide th« nathematical relationship 
VvZ-fior. th'at-'sftt' 4ata.> 



Pata Set #1 ! 



Data Set »2 





■ ■ ■■d;'2 


29t-. ■ 




' 292 




0.6 


304 


1.2 


302 




0.9 


■ ; 3u - 


1.5 


312 


'ir'-.:-.-'' . - ■ ' '-. 


■ --'.i.s- V 






- -ssir- 




1.7 , 


334 


1.8 :- 


330 




■■■■■ 2.0 : 


350 


2.0 


337 




2.2 


359 


2.2 


345 




2.3 ■• 


370 


2.3 


352 




2.6 


381 


X'- 2.5 


361 






>■■■■ ■■m,y- 


2;.7 ■' 





. '/n^!' - :■ 



V-:---- . .'. ,.- ■ ' . 



- ' ■ - _» - - 



: ; Spectroscopy eiiploys radiation to probe the structure of atoni^ V 
aiKl molecules, Ther« are many types of spectroscopy. Each type 
probes different limitations. However, visible light spectro^eo^J - 
..i^...the^ 9^sl«st...^ Mm «^.: U8^. otir.;ey^ .w, t|ie..4ctjector^ >!.■,'■■■-,■.■■ .;■■ . 

Joseph Fraunhofer, in 1814, was the first to make spectro&copic 
observations while studying tlui..«unt Later, scientist turned the 
Bpeoti^escdpe' tcr study flams; Iii''l«85, Balner recorded a series of 
Visible lines which were emitted from atomic hydrogen. This 
spectrum was different from other spectra which had been observed. 
Tl&e dther spaotra oontaiiied all of the colors (siiiilar' tb -k rainbow) 
while the spectrum of atomic hydrogen only contained a few narrow: ■ 
(sharp) lines of only a few colors. Analysis of other elements 

\stibwed that each type .of atdm had^its owrt uniqi^e ^ii#GFjbiriu( but'' «tf 

' cmifllst^d oti^y. 'Of narrow tin^m^' -^^ r. ^■ 

In analyzing the visible spectrum of atomic hydrogen, J. R.^; -. ' 
Rydberg devised a mathematical «qpftation which sumariMd tba 
-vpl^ryed wavelengths^ ■ ".^'V;"'";; ' 

in equation (1), N is 1^ iMvelengUi^^^^^b^^^ line (in 

meters), nfin*i - 2, R is a constant which is called the Rydberg ■ = 
constant (1.091577 x 10^ m'^), arid niniViii » 3,4,5. , .where eajoh. 
\yal.uM-Of-^hi:;tVi « r'^predicted a dif feraht xv ' - 

other scientists found other series of lines in the IR and UV 
regions of the spectru]tti>:r?Baw^ series corresponded to anVvliiislBEbii^^^^^^ - 
"falling" from a higher energy level down to n =3 (IR) and 

npinai - 1 (UV) . Thus, one simpliBtio equatioii fully described the 
complete spectrum for atomic hydrogen.; But itftat did thit say about 
..ug|i&^;.tl)w.h|^9gen.-9^^ was doing? ..... . 

Hiels Bohr hit upon the model for hydrogen Wftlx^h WiiSeeN^s^^ 
appounted for the known experimental results*. In analyzing the 
XialMe speid^^^ Bohr found that an . 



. -.Where B is a.,confltaiit .^qoal^ -2«179 x 10~^* J/photon. Tp^ind.the . .: 

mami^ of at t;teh«itioh bi: an going from an . initial ttighar 

:.^:::::~:^'^Biim]m level to a flnal:iai#«r nmc^ l*v4it# equa^tign 2 is us^* : ' . 



'- J -- 



1" 



-. L 



rearranging, substituting, in :the p(Mtakit^ ■ ftnd .dropping tUi^'^ A, 
equation 4 becomes ->■.■,.■.■.-... ■ -.■ ' 

TO find s in the conqnon unit of kilojoules par nole^,. equation 5 - 

Photon BoU: V: V.-' ■ .: * lO'j>"fi«A^ . "i.iiUi'^ 



in} rial 

kJ 



^Cmca we lenew the energy of a photon,., ve can readily calculate the 



(h"*ii .^^-ia ^x- xaT** ; J ^^ch(ii^ e;i» 
^»Md ^^^^^ (2.998 x lO* ^). rtlie fritgiienoy (v 

determined by making use of the roljitionshl|». bi^^ . 
light, wavelength and frequency. -/ •■>■ 



summary, the Venission levels of ^hydrogen arie the result of ah - 
exci1:ed electron from a higher energy level "relaxing" to a lover 
energy level. The energy is released in the form of electromagnetic 
/'radiation. The following diftgran shows some of the energy levels : 
avid vtransltidns o£^ atom. Lines in the Balmef set'leS; : ^ . 

y(:yi'9it>^<B light) arise fren transitions from upper energy levels . • 
V(j^2) to n=3 level. The Lyman series lines (UV) result from 
i'lfc^nsiikions from highsr lanargy levels (n>l> to n « ^Jtie Paschcn 
visteiries lines (ir) air«'^W?:ieisult 6^ ttcuisitions 'fron 'liigr^Si^ energy 



hot; for' any ^oth^r 'ifttoB a^^^ ralifll - - 



wsii f 0r .'^e ; hy d^rbgen a torn i ^ but; 



'V W V W 



I 



Paschen 
Series 



Baloer 
Series 



n-6 
n-A 

>-.3': 

n-2 



Lswan Series 



y<o«i have a£^4wdy had «x|^ariei^ sftectrd^copic 
devices. Your experiences probably include rainbows and prisms^'^. 
From these you should know the names we associate with varioue -^'--'^:::-}' ' 
regiona of the vieiJftie^^ fl^^ You should also reo&'^iae that : , 

certain procedures are required for proper operation. Obviously the 
proper viewing method for. a rainbow is different from the viewing 

The spectroscope requires a miniimim of two components: a -X' 
dispersive medium to break the light apart by wavelength (or > v.; /' 
frequenoy) and a Measuring jdevice. Our speotrosoope uses a *. 

ofi'inxGiirde^op ''^''Qiuf';^:Mairuring 'disvi<pevie; B' glass' ■icodm^'y:-.'.-:;^- 



!■■]*.' 
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Both of these are mounted on a car<|l?datd box idfiidh; all lows for proper 
control . and reliable »easureiie.nts« 



J. - ; 



: .'. 1} Gain an understanding of instruments by operating a 
■■iwilfjetroiic(^p«^\-^ ^ 

^ 2) Und«iratand the operating parameters of a visible light 
3) Observe, record and analyze atomic spectra* ^. 



your spectroscope box is pre-assenbled. -.^Cw remaining taisks . ' 
ar9 to attach tlio diffrjaQtioii^ grating and install the glas^s j: ;. 
.■»?uiurti*g" "rod," ;v 



silt 




Glass Rod 



If instructed, remove and discard the ismail piece of 
jbrahsparent plastic taped over the **eyepiectt" opening (see Figure 1) 
Of -ytkir spectroscope. When your instructor gives you a nfsw piece of 
grating, handle it oai^fully.. Touch only the oorners^- pouching the 
iniddlie-.allowa oil 'tt^'':jpBiixr. f .ingptrsL^ to coyer the tiihy grovii 






-^slkttach the grating only performing the follovin^^ ^ " 

procedure. Touching only the comers of the grating, hold the 
grating over the "eyepiece" opening. Now point the slit opening 
nvai^ a fluorMoaiit. light arrii loelc^tMirbii^ the grating into: the 
"eyepiece" opening. If your grating Is positioned correctly you 
should see the visible spectrua spread out to the left or right side 
'c^^M^liit. If '>ybd dcm't roti^te your grating i/4 

turn (90") and look again. When you see the spectrum ckpr^^df-out ait- 
shown in Figure 2j carefully tape the corners of the gr«tlntf / 
in-place. If ycni jcttll don't see the Spectrum after rotating ttiiBr. 
diffi^jEsticMi qi^hia, get halp fropi liNim ' 



■ 1 ' ■ : . 



EmxsBiuon .4 



4.1 



blue 



Fiqun 2. Fluor#ao«nt Xiight, Marcury sp«otnim 

Next obtain a glass rod from your instructor. : The glass rod 
should have a narrow scratch near the middle* If y oil cannot find 
. ; th*:. scratch ask your instructor for help in creating your, own 
\ sct'atch. Pl^a. tlia.>9la«s holes in. the ..side of 

the spectrotfcopb" t>dbe' near- the ' BliC' ehd; look thr^gh the 'grating 
. and verify the scratch on the glass rod is visible near the spectruli 
and that you can nove the scratch all the way from the red- end to . 
the blue-end 6f '.^thei: .ispe^x^ to uss yoMir. : :" 

Look' tiibSety at' the spectrun your spectroscope prici^duces frgiqi. a 
' fluorescent lamp. In the fluorescent lamp, mercury atoms are '-fi.--'"'. 

excited by the flow of electricity through the lamp. Excited 
' ^ -.inercury'^fktbtts iuttit pltbtbhs or^^^X^ 

:.7 . wavelengths) includihc^ UV (ultraviolet) . A mixture of powdered 
' ''r. , chemicals on the inside surface of the lamp absorbs this light and 

-'Qmita many different wavelengths. Thtf .BBXiy wavelengths; Qoibihed;. . 
.: ../produce white light - the rainbow like spectrum in your . - 
: spectroscope. But included in the spectrum are thre# . Of the - ' ' 
original ..s^klAllig^^^^ s^ rest, sei' . 

:Figure .3i ' -^v:-';''' ■ '' •'^•^ ■ 



Arehge/jrel iv^- 
- SiBO SB 



.'greeii,. 



You will use the mercury lines to observe the effect of 
ohuiging ttie width, of rtieie slit opening of your ■paotros^e^. : s4aii*t 



iBm.iss'ioiix$: 



■. . ■ I-/,. . 



: fv>> by removing the two pieces of black «iectricai tape the^-Slit 
opening. What happened to the three mercui^ lines? 



How, replace t^e electrical tape but make the slit as narrow as 
■i\ : ■ DBflicn^ibi. tli» jif^pearAhde oi the ': tiir««; aeccury line's - - ' 



Mow adjust the width of the slit for the best combination of 
sharpness and brlghtnese of the mercury lines, Measure and record 



■;V^;^';J^J;-ceU^^ ■ . : ' 

The calibration of your spectroscope simply means measuring '^Sibir' 
- well your spec^roacp|Mi s«|^et08 vayelengths. This is done by 

:^tteasaring the dietiincMi IMWiBMi A convenient 

; source of emission lines is the mercury fluorescent lamp. Look 

: ;' thrpiX9h t^e eyepiece of ycmr .s[|!eptrpBcppe «nd f ind. th« three xnercury 



',v- .'• 




^/^^ VV^^^®^* '^^^ 9^ thab the scratch is aligned with one 

,[,yS.^;^'^^ cimiiiioii lincis; Nbir iieattttre thet length' of the reroaihih^ ' 

/ ' glass rod on one side of the box. Align the scratch on the next " 
:: emission lii>e. Again, measure the length of the glass rod. ( Be sure 'a 
tb toeqtBlirift iPrtiifc t ho ^ide of the h6it\ . itejpieat this procedure 





Hg Eni99ion Line 


■■•^ VaVeiengthv ■ 


., .. ,^ Glass ■ 
. DiittaifitM :(iin') : 




blue'" ■ 








gr«ftn 


546 . . 






VbEahge/yelley 


■■:■:■->■.';-: 5(ig/: 





The calibration curve is determined by plotting glass rod 
distance (x) versus wavelength (y) . This curve will be used to 
'r. deternine the wavelengths of the l^rogen emission lines and ottaei^it; . ' ] 
: Figixre 4 shows a calibration oiirvs with ths hydrogen linf^ :- . 

-".v-;^':suferi»po«ed on the curve-.-^-:.:'-:: . ■ ■.■■■:-v^V 
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:;r>V Look at this hydirjbgttn dittohargft : tu with your spectroscope, 
iP^ivdribo what you 8««. surs to include the number of lines, the 

iCBlor of each line,, the brightness of eech line, the thickness of 
each line, the rod-position measurement of each line, and any at:her : 
properties you notice.) A sice tph May be helpful. Prepare a tabic ■ 
'in the spac^ belbv to cdllflct your datkV > 1^ to ; 

write-in the actual: w^v^ltfing^ WhicAt you lnt%]^|:atie f ron ;th^ 
.calibration graph*;:'*, v-' ■ .■^.■•■V.v^^ .'■ ^'.r' ;^ ' 



Heiiiu.AtMi saiseion. 



.■>■■. . 



Repeat for neoii.r^ Yo^ iiay^:.I^ jpf the 

Observed spectrum. ' '-'^X' 't'l-'-^^l-S .''^ ..■ 



) Repeat fp)tf ;srci J 71«B*;;;S^^ ^Ipbu niiiy Hot b« i^ie to recirjtj 

;:;7i*:./,.Jill: 6C' the ;,^bae];^M|d^.•|^ctru&. 



Repeat for KCl rlane Spectritt. Y9a mtiy bi^^^^ 
all of . the observed spectrua. ^-j;;- 



Repeat for Caci? Flame Spi^atrvMi : Yaa liLky 

V,:- : ; ■ all of the observed spectrum. - k . 



■ ~ Repeat, for VaCl Flame Spectrum. You nay not be able to record 
all 'Of ^'the. ppm^i^irfiid epectr!iai-\-.v:.: 



eQiiCLaBi;oiM 

:x> Does your calibration Hn« hav« :a positiVtt Blope or 
;tolope? Does It natter? . Nhy? - 



2 . Does tDtt. mttmi^ oalibratton iiiw go ^Uurbugh all, of tho data 
-points. £rdn.th0:.9tt«c^l3^ . 



3- Cal^iata: .th«, anargy associated for each bydrogen eroisstion line* 



4. Calculate the ninit^.i value froia equation 1 for each hydrogen 
spectrum line. Does the lowest hinitiai value result from the 
longest wavelength or the shortest wavelength? What is the colte of 
the ^ina aasooiatei|i ^ith the lowaat niii t i« r Value? \ '. 



5- Calculate the percent error of your experimentally determined 
hydrogen emission lines versus the theoretical hydrogen emission 

■;llnes-.'-. ., ■:::.-* ■■.■■ - 



Complete the following questions before coining to the lab. 
Hadiy Of th^ answers will be found in this handout, your instructiir. 
Tnay require you. to. baya thta pirior . tp: baglm thi^ actual 

experiment. . > ■ ' ' ■ : 

. 1.- , What wavelength corjresponds. to the low energy end of tha\ 
viaiblia :'Bi»eetrun7 .! . ■ 



2. What wavelei^gtdl> fi^rie^apol^^ 
yiKible spectrum? . . ". 



3. Nhat la the funetlipii of ;Uia diffraction. 9rat4.n9;^ 
spectroscope? ■ ■. . ■ : -■ 



4t . nhat is the pil«pbaa.'.;iof a calibra'tion grapb? 



5. The UV;aid«ioA fvd« litaai: aleoMii^ fluorescenit' 
i^i^M^mikm ln;a .fluorescaat .toi^ to-giov?-:- 



,1". 



5-, . . ' ■ 



Emission 12 



- -4 . _ > 



Ra%$ oir TbBMihxzim ofi hMmbszuii oiidb 



In this iaibbr^'boEy^ We will introdiiojk .'bi^ bf^' thtf^ 
techniques in thermochemistry - caloriwetry. Although we often think .' : 
of calorimetry in terms of . finding the nutober of calories in a certain ... 
amount of ' fdibd^v/diiioriVial^ ia'va Measuring. ; 

basic thermodynamic data. Along with learning calorimetry techniques, 

^-.:. ' . you will use . the. data you collect, along with heats of formation and 

f:\' ---.'Hessls lav, -,tb'\de 



As a quick review, remember that the enthalpy change, ah, of a . . .-. 
chemical reaction is called the heat of reaction. and represents tb^U : . 

'amount 'tiif heal: gained or lost as the 'r^adtion proceeds reab€antd 
to products. Also, the heat of formation, AHf^, is defined as the 
amojtint of heat . absorbed when one mole of a compound is formed from, its 
elemaiitis in their standard states/ -Another iii^tiiant '-'ebhib^fe is that - 
the enthalpy change of a reaction is independent of Its path and 
depends only on the initial and final states of the reactants and 

' PkMi3iotdr* This principle is kitovm M-'^'^^Ks- tja/ii- and i^ aiii example of a 
state function. Hess's law states that the enthalpy change of a >. ... 
reaction is the same whether it loccurs in one step or in many .st0ps*' - 

You viii 

reaction; " - 



! v . . extremely expther&ic and too hard to perfprm >\ ' . 

caloriiaetricallyv However, it)«^ heat of t6rmati6n for Hgb 

by combining a series of reactions which are much safer and suitable 
for a calorimetry experiment. Here is one possible scheme (perhaps you 
;d&h^ t|iink-.;6f ' others) : " ■ ' 



(2) 



(3) 



+ .1/2 02(4, — > H20(t) 



(4) 



tiding Hess' Law, reactions (2), (3), and (4) can be combined to 
igtym reaction (1). Work this out for yourself in the box bdlow: 




Thutt, if th« AH f or rMctions (2), (3)y.and (4) are availabltt^ you 
can find AH for reaction (1), You'll use n calorfiaeter to measure the 
enthalpy changed for reactions <2} and (3). AH for reaction <4) is 
givsn so you can fixid AH for rvaotion fl), tha formation of H90« . 

Let's examine calorimetry in a bit nore detail. First, al^st ariy 
typ« of container can be used as a caloriaeter, but a well insulated 
Container is best* Why? Because we aust aoeouat for all heat that is. 
abaerbed or evolved by the chevioal process. Thierefore, tfe want a^ 
container from which heat cannot escape to the surroundings. A 
chemical process occurring in such a system is adtabatia that i^, no „ 
heat 'Is exchsnged between %hd contaiiMtr <md the surroundings, you will 
use a thermos bottle to achieve adlabatlc conditions, (You may ask 
yourself at this point if the thermos bottle will provide a truly 
^adidbatic environMnt.) 



From here on out we will be talking about adiabatic processes, 
the important thing to remMwr^^dien conducting theinoahemistry 

experiments Is that you must account for all heat gained or lost ..during 
a reaction. For example, if an exothermic reaction occurs in a 
oalox^iMter^ the heat can baiaically go two places: (1) the reaction 
mixture, which can be measured as a temperature rise, and (2) the walls 
of the calorimeter. Since heat is not transferred between the . . 



' yca^ipr-^s tii« fpllovlxig. iibst b^ truer \ 



-qrKn • Icii + (whara q ^resants beat) . (5) 

Thus the heat lost by the cheitiic&l reaction is exactly equal to 
' all the hea,t gained. Nliy is there a negative sign for qrxn? 




Now let's exanine each of the terns in the equation: 

Heat froM fieaetion (qrxn): If the heat (q) comes from the 
enthalpy o£ a chenical reaction, we can replace q by nAH, where n is 
the number of adlee 6C product and 4H is the enthalpy chaaige per. iiioia : : : 
due to the reaction or phase change. The number of moles 'of pr04Cict;'- 
will be based on the moles of the liaitlng reagent. 

Seat AbeorlMd by the Calorleeter (qcti); For our calorimeter, the 
heat simply changes the teiaperature of t:he calorimeter. We can replace 
q by CcAT, where is the heat capacity and AT is the temperature 
change. Note that the heat capacity is the amount of heat required to ■ 
raise the teeperature of the substance by one Kelvin. The units of 
^i»re^u6ually j/k. Thus we need the heat capacity of the calorimeter, 

which is specific for each calorimeter. You will find Cg for your 
calorimeter by perfonaihg reaction (7) below for which we have provided v: 
: AHr xa^^^ WVba will ;-th^ next peget 8o;Lv!tt tox V v 

;Ce,.:.v:::;;', :']^:''''' ''A-./ ^ ': .:■[_■'■[ 'y''-' ' '[■■'C 

Beat Absorbed by Reaction Mixture Iqi j q) s This term is equal to ; 
mCpAT. The mass of the solution is m and is equal to the total volume ' ■ 
of the solution times the density of solution. We simplify by using 
density equal to 1.00 g/mL since all the solutions are essentially 
aqueous. Although for pure water the heat capacity is 4.184 J/Cg *'C) , 
Wheh ions or molecules are dissolved in it the heat capacity changes. 
For the NaOH and HCl reaction the heat capacity of the solution, Cp, is ' 
equal to 4.025. J/(g .»C) whU« f0r the Kttactloiis, Cp equals. 3. 8j62 

jy(g. -c)-. ,::;;>;,./- 2''^,^ /t': ' 




.wberer' ■ ' v':_;: v' '^l;;;/;' ''-; ; ; 

s'^'/S;' -V/!v*-"^^^^ moles of limiting tiagartt. ^^ '■■.,^.,V.V;■^^^^ :^ 

'r'i-.'''!!::.-..^-/^ '— heat evolved in the reaction- ' * ^ ' c-^' 
s;^;NS;i:V ■ -.V - calorimeter constant (specific for your c^IbrlMlier) ^^ X^ 

^i'^P'^\i^-^^ :- -0--^' ^^ temperature change resulting . frovi th« -riadtioh.^ - ■■ 
cy;'^^^. • : ii ^ mass of the solution. . '. '-i- 

Ar^'v : Note that we used q — nCp&T for the liquid in the calorimeter 

v,,j^v because we know its exact composition. For the calorimeter itself, 

^^r^^:': d heftt c»p9city#. C«« vac UfiOjl bftcausflt ttui oxact eoniEHMiition .p£ 



left's .apply the theory; ot calorimetxy to your experiment^ To 
fltid for a Inaction, ail tfie o^er vaiaeis in Equation (6) must be !; 
known. The: first objective will be to calibrate the calorimeter to 
find :iliis^..Galib)pation. is acconplisheil ]?y producing a known . 
quantity 6f ii^at frtSh reaction (7) b^ldw aM At; Since AH; 

tht; heat capacity, and the quantities of NaOH and HCl are known 
(assuming ti^at . all volumes are additive) , the only unknown in equatior) 
(6) iiii Cc^^ «hiiQii-'!s'tid;'€»n- 



'-1.W ■. 



onpe. the valiw <M^'-ee -iotisiim uoAd: tor O^btlons ■ |2V .. : 

;;v:''v-''-''v^:^si'^ 't^:-'tantpiairiti^ ohahc^e .for 

the reaction mixture and the calorimeter. However, you will not be 
a,ble to simply measure the maximum temperature because the. temperature 
iiiiljfy 'i^^ reach the liaxlauii.: -"lAiis iri»^i«Uf behavior ii5 4i^ 

to the calorimeter's inability to absorb heat as quickly as the ,.<■:; .' - . 
reaction mixture. You will use a standard graphing technique to^ ' 
i^Sriqkfiate to the iiiaHli^ temperatura' ii^atv'-aach of youi: experiiiients* ;^-'... 

' ; <- i:)uring this , experiment you'll measure and record the temperature : 
at given time intervalm. you will plot' this data on a graph like that 
shown in Figure 1. Notice the temperature vs. time plot is irregular 
until it atabllizee on. a slowly decreasing temperature line. Ideally, 
you want thiB jBaxiiBum temperature that would be produced if the reaction 
happened instantaneously at the time of mixing (time ~ 0) , not Bome 
time later when the reaction mixture and the calorimeter tend to cool 
Slightly . The proper mathod to obtain AT is deleted in Figure 1. Tlial 
c«it^ iaij?> jBOolihg^ ia[ td: exj^apolate back t^: wiiat,,tl^ , iia^iiMiia 



temcierftture Bhould have been. Thia. ia . Intersection of tti9 ^ 
■extrapplefcion lijw^ w (ti»e :i«-6), Okie dif fermoe . between- 

' ;;:the !ekti^|^X«te4 iMxinin end tlie ini'tiel tempenture, T| , lii^'ftT'; . / 

Tt^is experinent will be done with a PARTNER. 

The solutions of IIC][ azid iiiet use in your - react iona 

must be prepared from our stocX solutions. You will make 200 mL of a 
1.00 N HCl solution from a 6.20 N Stock solution. You'll also make lOO 
mt o£ li IsOO it NaQH solution trcht a 3,10 li ifttook solutioa. . Prior. tjp v 
lab, calculate the volujne of each stock ioluticm snd HtO.that. youfll^ 
mix together to make your solutions. 



to nclc« 100 SL of l.W II BCl^ itart vith.^ 

of 6.20 H HCl and diliA«.^lt in a wDlumBtxiff fluk to 
final voliuae of V • ■ ' mL... 



.ibL 



You will need. to repeat this tMi^ since you will need a total of 200 



To amkM IQO oL 9t 1.00 H HaOH, start win h ' .' " ml. 
Of 3.10 If HaOH and dlluta It iri a voluietrle flask to a 

' . ' — '-^-^-'-^ — r. ' . ■ ' - - - • J ■ t 

1. Pr^sre atoefc iieiutiolMt (One partnei^ should do this while 
the other partner is weighing the solid chemicals.) Use two clean 100 
mL beakers to get stock solutions ^rom the Bi4o shelf and mix them with- 
the calculated awninta ot uster In ^50 mt beakers. Record accurately ' 
the exact molarity of HCl and NaOH as labeled on the containers and the 
exact volumes of HCl, HaOH, and water used. . Vou'lii need this data, to 
'fMWlculate exact cCncentrations of your sblutiCns*' 



. . / : 2> Voigh solid ekemicalsx (The other partner should do this . - . 
iAili-the first partner ife prO^ The.Nettler 
balances are delicate instruments. Do not spill any chemicals on the 
balance. If you do spill chemicals, clean them up immediately. To 
wei^ a chemical i place a olean^ -Miall piece of paper bh the top.. o£ the.' 
balance. Press the TASB button to BBRO the balance. Add the-Mlid- :' 
slowly onto the paper until the proper mass has been weighed.;. 

BNTHALPX ^. / 
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a; Weigh 0.20 to 0.30 g of Mg turnings to the nearest 
t{ ; -mil}^l9f^ O^^ MCprd the eugt inass of ^ 

b. separately weigh 0.50 to 0,«0. g M9O weighed to. the nearest 
J. allligraB. Agaln« record the exact -iiaiwiv" 



IliCTlPCi The precision tb^raoineteTS and thermos bottles 



«ra expensive. Treat th«u vlth icar«, If yo*x break, a 
theTBOBeter, tell the lab Iftfetmctqt Im^ ad imtcly so thd' ■ 
liMnrcuiry spill can be cleaned up. Also, HGl ■tains :1]!«ne]i 
tbps;-^ eleite ui>,sp>,||.ls..iMedittte]i3r1-:. , " 



i. -S^ your calorii»eter. nimber and Insure the calorimeter and 
't^rwamt*r mrm diai^ darioniivl»d ...water. 



2. Using a 50 mL graduated cylinder / Beasur* 50 mL of you|:..X M. 
HCl solution. Pour the HCl into the oaXorineter^ Insert the 
i^crnciMter asaeiibly and r^ it stal^illseci 

(This should take less than 3 minutes). Measure all teiiperatiiras -to 
the nearest 0.05 °C with the aid of a nagnifying glass. . ■ . 



l\ N6W rihse the gtsiduated dylinder successivAiy With tap water, 
de-ionized water, and 5 ^i, of 1 M HaOH solution. Measure 50 mL of your 
1 H HaOH solution in the graduated cylinder and pour into a small, 
dl^n, dvy toeafcar. Stecord the stabilised tenperature of the NaOH 
solution. The average between this temperature and the HCl tesperature . 
in the oaiorlneter previously recorded is to be used as your ihitiaX- 



ENTIUiLPY 6 




...4* Noting thft tim*f pbur th« .V«C»I into ttw. caXorinfftcir.:. - . 
Zniiidla'tely ins«t^ th« thvriioiitttar ara«^ 

" . ...i^^ Record the teiRiperatures to the nearest a.05°c at half- 

..■;=;..''Bl.tflUte intervals until a naxiraum is reached; then record at one minute-. -' 
'.. ■■ In^ryals until enough data is obtain ed for an extrapolation ( S\ to ■.Ip-; ' ; 
.. nmitw) . . Gantly mtirV thm :»actlon siactura- bwtwMn ttaeh raa^inGT-^ : 
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1; ' Claan aiid dry your caJiorilMtfitir iittid add tO it 50 mL of .ypulc 1 K 
kci solution and 50. ja* of.4tt^^il«^ ■ta£biilz«d ;. 

. 2, Noting the time (t « 0) , drop the Mg into the calorimeter. 
IiuiMStdiateXy put the th^rnoneter asseably in place and swirl gently. 
Record te ap ttiatiites" at half minute Inteitvals until a naxiaiin- is 
reached; then record at one ninute intervals for at least jCive'iiisitttes. 
Gepltly swirl the. reaction mixture betwecm each reading. . 
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:.; 1. Using the sane calorimeter, repeat the procedure used in Part C 
lisiiig l^p in pXAdm ot m^i ■ (Vot^i You siuat swirl the calorimeter 
vigorously while reacting HgO and HCl since the MgO tends to form lun^s V 
at tha bottom of the calorimeter and fails to dissolve. This could 
: ■ .."vcause considerable error.) Hold the therxnoneter asBembly in the : 

calorimeter so it will not rattle while swirling. Record temperatures 
at half-minute intervals until a maximum is reached; then record at one 
minute intervals for five minutes. Gently swirl the reaction mixture , '■ 
between each reading[f When it appears that t^iqperature changes have 
'o4^eed, quickly Ibok into thai calbrimsteor* -If ■ a-.vhite Boiid; r^malni^.-at ■ - 
the bottom, the calorimeter iuiat be, swirlsd -liprii'' Vig)»rously until ' . 

. oC. the HgO .has dissolvejd. ■.■ 
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FIGURE 1 



.1.. Record all volumes and weights of chemicals used and show . 
^^'gpj'^j!!^*^^?* fog all v<iluwi :h» c »w« » ry to 'gj^drt. thii swqiiired valu«s« 

■ b. For each reaction: ■. *''.■ 

: -.■ Holes of reactants and products. 

. . . , Limiting "Reactant" calculation* ; 

v" 'r^'=.P» - .palorlmater oons.tant^^ 

. \ 1. :.Zn this experiment, a good graph is critical to finding the,, 
-tornieb t^spffrature changes fair «iadh reaotlon and is an integral paiHb-. 
of your'Oaiculations, without it, your calculations are of no value, 
Refer tq "Data Analysis" handout i£ you've forgotten the proper ■ ■: 

WRy tO draw a graph. Label Ti and T« on the teupsirature axis, and show 
yorur extrapolation to find at. You will probably, nosd to dtay eac^ . 
graph pn a separate sheet of graph paper. 

a. After plotting yoiir data points of temperature 3^1. tine«V 
draw a smooth curve through these points. Your initial point at'tiMe w 
0 will have the initial temperature (Ti) of the solution prior td, ■ 
mixiriHgr .(.refer to Figure 1) . Draw a straight line fr^n your 
"staiblliEed" data (data recorded over -tlitt -ons nlimt* Intervals) bapSc to 
the Tenperaturet, axis. This is your extrapolation. The extrapolated/ .^, 
temperature is the temperature where this extrapolation line 
. :iiiibWM*Ots /the "y^-^arls- ' ■ ^ 

. b^ Use from the extrapolation line, and Ti to calculate AT. 
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C. How does your value of AHr^ cosipare with Ihe actual literaturie 
value? Calculate tne percent difference. betwe.^n your value /and the 

• ■iL-Wi'^* ■ ■ (experlaiental value) - Cactual value} -.^-ii 



■'• J' . ..';(*ctual , value) 
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AKALYBIfl or PRBBBHT 

Mil j or Steven Dunlap 
Departfnen^ of Chemistry 
United States Air;- Foijce APadsBy. 



roit gHERQY ■onacBa 



oil 43% 

Coal ■ ■■■ r : ail' 

Natural Gisis 22%' 

Nuclfiar 6ft 



6iD0 
.525 --. 



24.6 

5.9 
3.. 16 
7V» 



billion faairrels pC known reservas 

biliioh barrals 6£ astiaatad iihdicovarad noovai^abla 

billion barrels per year current consusBptioti'. ' ' 
yaars renain of known raaarvas at current 
c o nin iBi p tibn " / \V A-^.-, 

OMZTZO BTKTEM . /'O ■ 'U- 

billion barrels of known reserves 

(4% of world's, had 15% initially) 

billion barrels par ywar :curxa&te consumption 

billion barca^^ par yiar; torrent; production 

y^krm^'. itmMmih ot la^ current production 



inZXU SntBji ZMTOHT* 



a.74 bi]ti4«^^ barrals yaar (46^4.%} 



m 

10% 
10% 
.20% 
7% 

13% 



Canada • 

Hex! CO 
Africa 
Van«tzula.. 



12^8^y««rife raaain at onrrant prbduetibn 
9.7 yaars renain at current production 
27.8 years regain at currant production 
29.8 years raii^ln at Currant prctdoetion 
39.8 yaars rsniin' at curkmnt j^trdductidn 



■Si-.'. 



-'i 



987 billion tons o£ knovn reserves 

■ 6-12 trillion tons of eBtlnated undiocpvered recoverable 

' : a83 - billion toiM* of Jbwiim (2d% of liorid*^).. ;; : 

0.B18 billion tons per year current consumption , ; 

' 946 yesra. remain of known reaervee et current 

;;:3',6 ' viedrill-ion scir 'kiio«rti-''raaMirves 

. 6-J.2 quadrillion SCF eetinateiJ undlscovefea recoy«iK«bl«. 

,.;>5i :v trillion SCF. per year current Coi|«U^tion 



185 trillion SCF known. reserves (5% of world's) 
18.2 trillion 86P witl«flr^|k piik: year 



;. - ( 



. r - ■ -.- v.- 

■'"■'*-v. J.*; 



V;;:;;;: '«U».;;ttM«|s. 
0>79.; >-..trllXi<^ per .yeWr^ - ■ " ' 



4v; 3 ; »i|,lion tons under curran-t ainin? ^dttstiipalniEts^^ ^ 

12-lS years under currevil: iiikiining pradk£cf<w ainH) plttinned . . '^^ 

conaunpt ion v."v>- /^^.^ 

50.9-6P . years using.. all ^Msbnical obtainable^uraniuB . . i!. 
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606 
160 

100 
100 



: , ffS-^iMATtoH or o il RgaERVEB 



'nort i»rclduetive 

unexplored because of hostile conditions 
vill probably tittver be explored becauM of 
conditions 



: BU&SDMW or IVBSKVIEII (BlLLZpHS OF BMtAELfl) 

Cumulative productlttm/to. date-;-,. :'. 
Sll.,5 -Proved -reaeryea. 
ioiv* 'irtferi*^ 'r^ 

513 . 9 AaaaBMid undiscovered reserves 
294 .0 EstinaLtied: undisccnrered reserves 
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OIL RESERVES TERMINOLOGY 





.•V-'.i.'.i 



: v.- 



- : : ' 6 ^ ^-^i .'i kkillibn tMlMi t 9^*1^ «ilir«>abl«; annual ly ! 
billion' barrels' '.jM'ir'-yiia'ir'v^^^ 
1-5-4-5 j^ar ext€!naipn,--"^v-f--;^;-'-'"K^ 

3.6 ; trillion SCF natural gas par yaar 
0.19 '-billion barrels of oil par yaar 

0;^ 3<E v^^^^ 10 pow*r piaftta; 



2-2 trillion SCF natural qaa per year 

0*06 V - b^^ barrala of oil par yaar 

2v24f BTU ot ale<^^icity« 19.9 :|poW«F plants 



* V 



ft* 



iBQSrn oii woioj eit 



WEBlCBHt SATE 
OF . iMC^BABE 

1.43 
2.66 

Tvoo:.-. 



YEARS 
MNAIIItilG 



Projected by EIA 
Current U.S. 



27 
23 
21 
■9 



Total:' npij^^ii^t of j>MMiit ittjor :iMidr«y-«b9rc«j»*- 
Solvf thte /problm dC the. Jieteregi^ .energy 



/t ■ 



0.6 
70 



300 . 

idbo 



percent of uraniun ore's irotential energy is .- 
hiftttiessad by preeeiiit once-throu^ reaotorii- 

fiercent of ore's potantial energy obtainable . 
vising ceprooestfing dot luNtederv 

of years fuel possible at current rate of use 
and tri^: pre»^ft pining . pAotli 

l^eere if Icnrer grade ur" 



is considered 



additional 1000 HH i^dtdrs .te. in^ 
fuel generation ■ ' 



more 1000 Hlf reactors to 
energy desand . ^ ' 



it «otal U.#. 



< . ' - - - - ' " 



•1." ■-. 
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England, ^lio^ h«nf« ; larige^ go orir'Ilna 



.planned. ■ ■■.;■'.>-.,,':.■.'./,■.*■*■■..■. 
'BriCiin haa'^r«pir66i^^ 

France has the world'a . largest reprocesalng center at 
:£aMague« : ■ ' 

U-S, had an experinental breeder in the 1950a. 

U.S* haa a 350 HH breeder readtor on order for Clinch ■ '■>'■ 

MveFj Tn. (conetruction aubject to reaolution of national 

-poHcar .-defeats) - -.; . 



■',;-|li,S. preaehtiy has: 

100 ..operable once-througb Claalon rcaotora. 
• 7 in startup . \ : ^ 
19 construction, painsits gi^tffd''- 
' . ■ . order. -I !;"';.v-: r i;' 



Landnsss of Karyland rand. ^CtSfM 
electricity desand. , V-.-: 



■■ ■ I : 



landmass of H9t9m^:.^iaiii':-w^'-:t»w^Tmd to Mat total u.^.! 
energy deaand. ; : . . 



0.1 MW facility! ibp«jE«tad by Alabaaa Power Ceapany 

660,000 MW current U.S. generating capacity 

$10-30 cost of cells per watt would increase electricity 

bills 100 percent, 
$^l-r:*.30 cost per w«itt predicted ^ip, l^ftOS; by 0O£ - - 
ibv ':-' : year current cell life 
20^30 ^ yiMM^ G^l-^^te nacsMary iialcb -^soap^^ 



1 *. 



Has eclipsed nuclear power in'.tjic United States 
75 . . periCfeMft of jprvsent forest reqtiicvid to Met. current ^. V.. 

••■ Vmti'i /'eiebtriclty: -4.eBand . ... '.. ■ ■ "A'- 

•'2'-- ■ [ percent of U.S. ,-JiiLii^iiei^»;-:rg^ 

■ .:.;■....■■-* .energy demand -''l-' ■' ■•■ 

.Id- -': -V.'.years M^irtt^' to--p^ ... 



. - y: 1 percent of Brazil's autoaotive fuel aade by 

fermenting sugar cane 
,;V; - v V sugar cane doesn't grov appreciably iji the U^«.S.« ' . . - 
aam ^iVes'heir the-.. yield 'c.£\0ugir 'jomim^ 
percent of U.S. lanAMS.nq^ 
fuel requirement 
! : - . 20 psTCMlnt^^^b^ U.S. l,«iidiuss eiirvsfitiy eui1;iyatad 

-'--6 percent of landa«»i riguiiPMd- by ^pii».v ^nfuyiiil*- 

future plants .. ■:■ '■.■".■;.'-'.:■■=' - V'' 

/ 13.QQ.' percent of U.S. landmabflf'-'irequiEiijA 'vwiing' Calvibf8'-:\--.'.'.. 

'^-^^l Ky^'- ' ''^yi--^^^^^^^^^!^^ v^'.' - ; ' ^: \ = ■ r"- ^/ ,-■^'v■'"^' ■v'■.'■=■ 




. ; : ■ 4400 barrels per day (max), Scotland, 1«59-1962 
i .:C ■ ■ .3^^** barrels per day (max) , Australia, 1862—1^3,. ■/ 

^•'P ":-/^ ■ -i.- SO connercial plants. United States* !■.>?! '.'■■ 
:V;: v^-'0' ■''"v:.- A-^'-v'-"--''?©^ per- day, China,- ' current ly ; 

= : ■ ' : .25p.600 barrels per day, Soviets, currently . 

J'-v-V'; ■'5-f-*^*'^0'.!*?*'?^i* P*F -***y*. V-S*» currently. 

SO barrels ^^piMT day, Scotland, 1850 
iQp^OaO bariMiia pair day K jBi^i!iuiv«.^m^ 
vt'rife^iiiraBeiit-' ^- . v" ' ^ r 

../ t;:'''' ' 5, GOO barrels per day, SASOL I, 19ti0-present 

: 98^000 barrels per day, SASOif iz^ in startup "r^v^ ; 

■■■'■:'^:ipii^'pmknlB per day,, Unidn:'.^rbid9>. ^l»^-ii?'«2 -. ■;■ 



■ r- - 



BRALB "■ 

M0-!6Q0 billion barrels of r9QQverabl« »h4l« oil in high - 
. grade deposits of Coloradot lltahjr . an^ Wyoming- o.... 

'citKt^-'-'' V V:' 

0.818 billion tons par yaar current consunption 

io pftroant ratia of increas* in usage proposed by Vord 

2*19 billion tons per year In 18 years 

veets 3^28 billion barrels of oil inport requirement 

at that tine 

billion tons per year In 29 years 

»eets S.9 billion barrels of oil total x^aquirepisitt 

in 29 years -'r'/ ;'. 

43-57j.i . .years, repain , at this rat&.of.,use / -v,' 



: i 



im: -0'., 



gihni^*! piaiytii tritb a <;«p«eity of 58^ 66b : bartwls par : 

^lS^-V.^o66-^y:-"::>:-':.-v-^:- :^ 



f V bili^iiM pi^ 5 yciars to buiitf 



"plant 



Inmediately begin building pioneer comraercial scale 

'pilairtfe.- in~:^Chl!*''CDUQtry^': v;;<-.>f\ }V:-'""-a:^ ■■'■■■V' 



Will not Meet the government goal of 0.26 billion barrels 
pair year (4V5%) by aoDO tthde^^ 

$88 billion prograwi«d, only $13 billion ever appropriated. 

With an all out effort could reach 2-3 billion barrela/per^^ 
year by 2p00 and sustain it for lp0~150 years. v - : 



eeST COPY AVAILABLE 



.■ • if. 



24 Coamerclal airline aircraft designs (twica a« «f £1- 7 
,.elmt« . 31i..^roant InpraaM .1^ payload) . / 

1566 - tmis of hiofeii to amt I98ii gap in ftupply ana .dMMnd 
.^or^««thaiie 

■§js.f.&p0- t«nB (if iiipktti fwodndod annually by V^S^ ^ 

To mat U.S. natural gas danand, a savar* strain 
■ Voiild. >«. p|A9«d on dooastic nloko.l pro4u<itien> . 



•jgytttiiajji • a^aold .- »i aa <L ,. iaport JraqpilLraRonta. kiy..,2O0p'-' ' 

Hbclear fission with raprocessihg or braadars must carry 
-alaetriAa^ load by . 9040. and antira ohargy danand by aioo... 



eoimirt:io |iydi^*n aoono^y batipaah 2040 and 2ioq,-ap f^oalik 
'ioria'. daplatod; v:- . 

Ranewables, photovoltaics« and nuclaar fussion can 
substitute for sona of the abov* raquiranents but will not 
: illtsi^/;tha- wjor ' paz'l0d|p--O 



' ■ - .- 
■ ■ '1 



MOXACOUUt aXOMBTRY MID 

.:. m 

Chemists have tatchniques by which molecular structures can be 
determined. Anon^ theiB are X-ray and neutron diffraction for 
solids, and nicrovave rotation spectroscopy and electron diffraction 
for gases. Other methods used in structural analyses are infrared 
and ranan spectroscopy, nuclear magnetic resonance, and i»ass 
spectrometry. Herd at Air Fore* Academy t the D^p^rtm^Qt of 
Cheaistry 4nd tiii^.rrank Jv MllMr RinaiDC^ Lab have most of. the . 
■pect^twct^ic . Ijistrim do UiaMi:ai|alyp«s* 

EipERiiosMTAL ^ :\ =' ■-■ : : , ' /\ ' .z r y 

.Vxeeedwre. 

Although you'll not experimentally determine the 3-D structure 
of any molecule in this course, you'll become familiar with the many 
giBometrlc arrangements and moiaeulair structures found -In simple 
molecules, one of the easiest ways to do this is to use models. 
The kit you purchased at book issue allows you to build a model of 
each of the geometries found in your text boolc. Use the varioi^JV .. 
colored bails to represent the different types of atoms in a 
molecule. There are balls available with two (red), four (blue and 
black), five (brown), and six holes (gray) to represent the central', 
atoms Cpr all gaometries. Try them out* Discover the beauty of 
't^rcMr^immaional^ 

Attached to this introduction is a prelab worksheet. Fill in . - 
Mch blip thd-OoluiNrMt «in it before vou come t p the: lab. Qe suM- tQ . 
name each aolaen^a. Also atta^iad is a ehaekltat foT/^ing fiawia . : 




1) The completed prelab worksheet. 



a) ycmr modal, kit* 



m cm^QKLVn worn omnMQ lsvia sTimcvoias 

Xi. D*t«raiM tlM cmitral atom. Thtt f blowing are guides: - 

' a. The least electroxiegative element Is the centrral atom* 

b« . Often the unique aton (only one of it) is ttie central atom. 

c. Sonetines the fbsmile is written With the central atom in 

the'.3&i<KUe^. ■ 

2. Arrange the Other «tavB . around the centnl atom creating 
skeleton*; 

, '.Mk \ Oxygen rerely bonds to itself oKoept int 

■ 1) O2 aind Oj (ozone)- 
2) PeroxldeSf e.g., H^Oa. 
■ ■■ -3)^. StqjieroxideSf IfaOa* 
. b» Vluorlne -neve^ bonds, to Mtre. tZ^ 

3« Connect all bondcttl atioms in the sX«lcton With one bond. 

4- Count up the total number of valence electrons. Normally, we 
consider only the & and p orbital electrons as valence electrons. 
Don't foi^t the (diargs cm an icnlo fipepiss . . 

5. Subtract the number, of electroiw. alreaidly ubed' the single 
bonds*' , " 

6. Distribute the reiiaiiilng sleetiriqfiB in. pair^ around the atonSr 
trying ta satisfy the octet inile- , A>*^Wn thaii to most ■ 
electr,o|ieg^tive atoms first.- ; 

7. Tf you Ttin out of electrons SlsfffiEfi every deserving ato^ hae sfi 
octet of electrons, you need to form double bonds. 

e. If yod have extra electrons and all of the atoias have an octet, 
^hen put the extra elections on the central atom arx'anged as pairs, 
tt. the central atom is in period 3, A, 5,: or 6 yon. are allowed to 
vhaiw iMTtt "Mian, eight 

NOT^t ntis is one of many methocls useful when drawing Lswiis 
structures, it you learned a 4if£arent. method, use yhlctieyar is 
easiest for you. 



' . iidLECUtiUt ' OKOHltTRf HORK ' ^jBSBZOH 

yr-\< '\: ':.'- ....JJ^inq your pwn paper as a work sheet, draw the Lewis structure 
l ■■■/^iaje^.-k^dh oi the nolecules llsiied belbw. then tabulate your results 

the correct categories on the attached Results sheets. For 
'/^:[.■i'^itoXitg^ that exhibit resonance, draw all the reeon^nce structi^es.. - : ' 



tfjCtrk out these additional, nore difficult molecules. ■ -'v'^^ 
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' ' ' A^'^splilition itf a homogeneous nJLxliure cf two or nolr^ substdhceftwi By*!, 
tiosiogeneous , , w« Mean th the physical and ch<eniQal properties ar« 
uniform throughout the entire bulk of the mixture. An example can be/ - 
seen by placing several crystals of table salt (HaCl) in room 
temperature water- We woul4 see that the. grains, .of salt disappear. V. -. - ' 
close examination of thtf water/salt drop shotrs that' we cannot 
differentiate one part of the drop from another, even if we use a 
microscope. In contrast, examituiitipQ of «iilk (cow's^ monkey ' s, .e^)^ ; : 
usibg the eye, ttoul^ lead you tb believe that thl-fl oah W considered -a. V.'. 
solution. This, however, is not a correct assumption. If we examine 'V. 
milk under a mid^osbbpe, we see small bubble*l.ike globs of fa1;« 
suspended in a clear fluid. These drops -vary in s'lSe, and- their 
composition is quite different front the clear liquid in which they are 
found. Hi Ik is a mixture, but it is not homogeneous , and is therefore 
■not; tt^ splutiph. ■-■It- -is In f a^J a l ^eiroeMhftebMs siiaA^ , -,; 

Solution. Formal^on:/:' -ffV-^^J-J - V;.' .oV:;?^- ■'■ ■ \" 

Bpljition consists of two principal parts? the solvent and the 
-bbXwbe*^ -^e solvent is that part of the solution which is present in 

-^6m|d.lttr"'.a]Mnuib.' s':- .'■■.-.■■::>.v . ' ' ■ ■ ' :\ ': '^^:.'t 

We vlli' rebtriot our discuasibn orvsolutions to ettiMUb; ibi^^ 
solutions. In this case water is the solvent and some Ionic solid .'. 
(such as NaCl) is the solute. Hhen water and a suitable ionio! solid; S- 
,br« iM^xed'tpgiHi|:|ie the so^id "is S««m to 

The salt crystal is composed of a series of sodium (Na) and 
chlorine (CI) atoms in a repeating 3-dimensional pattern. The atoms do.: 

.not exist as neutral, atoms in the. crystal, but rather as ions . An. ion ■ . 
'is a species ^Ichl has charge, that' Is, positive or negative ohargev -it 
gets this charge by gaining or losing electrons. The loss of an ; 
electron yields a positively charged species, while the gain of an ,V' 
eledtroni Vieids a negatively chargbd iipboieiBV^^^. table silt ' - 

exists as a collection of sodium ions (Ha***] and chloride ions (CI~) as 
shown in Figure 1. The reason sodium is a positive ion (cation) and 
chloride is a negative ion (anion) is due to a transfeit- of ■ an electron 
from the sodium atom to the chlorine atom. These ions are held together: 
in the crystal by electrostatic attraction, due to their individual 
charges* The forco of attraction is a function of the: ntagnitudes. 6f< thei 

.ohalraeb .and the distanoe : between the ions (the farther apart, the weaker 
the :ihtei^ction) ; of attraction which holds ions together in 

Vjai;^c^St9j."^is.'--9iym':l^ cnsiiib-- laabticb ; energ y , . 



■■* . ' . ■ • 
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tlUi^l^ ...ii^ t:he; elec-tron configuration of the sodiuin ions and "the <^lor;ide- 

^-y-.. ',^'^.'^-- ions in a crystal of sodium chloride? 




\:f. 



Are these electron conflgua»ti»ons. sp«oikl'. is 



■ '''' ' 



When }^'iCl crystals are placed in water, the electrostatic 
attraction between the ion» is broken by the water qiQlecHles. This 
:kii:diraL':.:tlMi: ^N^t.;:«|t)cl:vci.v ieivM t& .ioVik .«pg^V"%nd mi^icatAvinto th«.-.sea;.i6f '- 
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water molecules. Since water molecules are polar <x-c_, they hove 
coiic«ntratiOnjS of "ctiarg** on different parts of tha moXecme}-, they ■ 
surround 1;Im! :l;^lv'idual* SQdiua an<l ctilorlds; ions, in such a way that 
they can sttill' inbv« through th« 'solution;' but do riot recombine (^his 
statement pertains to an unsaturated solution, which we shall discuss 
in great ier depth in a future lesson*) Figure 2 shoys how this, migtit i.J- 
ioOX if we could obsarve ioAs and nolooulks. this interaction :^ol:wo«n' 
water molecules and ions is known as hydration. In this process, v«''' 
sea th« **breaKing'* of ionic forces in the prytal, the breaking of ... 
l^dr^on bonds . iti inta^' and..tho- '£dxiaation'.of ion-^ipolo Ititor^etlohs iii 
-tha' ■oiutioh*.- ''' . - ■ ~ . 



.1 



I'll 



0 V 



Ha* 




!:ij!j;il;!j^i^Y>{;*' ■ ' ■■■■1 ■ 



!'Wgwra'--aj..lla+ «i*4 .<£l- Bydration sphera' ' ■ ''. ■ - 

The driving force of the solution process is the increase In 
"entropy^" of the system. . TtM tezn. "entropy** is used to. des.^lbs the 
amount Of randonness or disorder of a syatem. As an escanpiiav cc^isider ~ 

your dorn room as a syfitem; does your roott stay olaari 'liill ' the' tl#e or *'- ', 
does it require constant effort to keep it in good shape? The fact 
that it does not stay clean and neat is due to the fact that the 
«ifttz^opy of the universe- yahts tb-ineritaiie aAd^ rooM.ls part. Of IJia 

universe, therefore, ybar rooln. wl]>X .aimjiR^get iMSsy^ yOU d0 . ! , 

soinething to prevent it- 

In the solution process, we increase the disorder of the ionic 
solid when we put that solid in the solvent. At the same time, the 
iflitttaetivs £ori:;es between jbhs ioluta ions and the jpolvent molecules- 
oause^ the solution to beooine iiora ordered. The amount of disorder 
caused by breaking up the structure of the ionic solid is greater than 
the amount of ordering of the solution, resulting in a net increase ili:.:. 
entropy. Based on the above state]&a.nts.f all; ionic solids should.: 
dis'sblVtf. -However, we all' -khow that 'thlfi is not. true. Th^ reasott; : «11': 
ionic solids do not dissolve is seen to be a function of the latticik: - .' . 
enorgy . of the solid and the energy required to hydrate that, solid; 

'■'v:-v'vr :..;'iiblutioh» Laboratory * 3 ' " * r - . ; . 
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V In order for a solid to dissolve, the hydration energy must be 
larger than the lattice energy of the solid; This is the case in 
systen\s which yield exothermic mixing of solutions. In the case of v 
endothermic solution processes, additional energy is required to 
overaone the lattice erietgy. This energy is renoved f rem the liquid. 
However, there comes a point where so much additional energy is needM 
to overcoine the lattice interactions, that the liquid cannot provide 
enoiigh : energy end the solid trill not dissolve. 

Itou' will investigate the energy liberated or absorbed during the 
' Solution process with the aid or a "diode" attached to a multiaeter^: 

Endothermic mixing causes the meter reading to increase, while 
exothenrtic reactions cause the meter reading to decrease. ' ' ' . 



Factors Hhieh Influence Lattiee and Kydratioa Eaergiea 



The smaller an ion, the more concentrated the electrical charge 
compared to a large ion* l^us, ve would expao^ snail- ions to attract - 
water molecules more intensely than large ions. By the same token, we 
would also expect the small ion to interact more intensely with other 
ions in a solid as well. ThaB>. « nMll ion ifill increaaa both' the 
hydration . and lattice •nergies* - 

I^ns with liurger charges will exert a greater forcis of attraction on 
bther iCM^a than oiies. with nail charges. Therefore, increasing atomic 
Jidiarga: Will- alio inoMMe hydration and la±t4ce: :«iergies* 

Oi^idBcitiirity 

Zona cm matrm in solution implying that cdiArge (determined by the 

firesence or lack of electrons} can be carried through the bulk of a 
solution. If an electromotive forqe, in the form of two leeids from a 
battery; is brought into contact with ah ionic solution, ve' obifterve the 
movement of ions toward the leads of the battery. We also observe a 
current in the external circuit. In this experiment, the external 
circuit eutrvvat vill be UMd. to illuninate a li^^ht enittlngi dlod* 
{VED)* \ ■ ■■■ . ;;. 

tA« eaoiMtiipia .V 
M*' -QMidnetlvity of. Seiutiawi 

(1) Construct your conductivity tester as shown in Figure 3. Prop the 
LED up, by placing it in a plastic straw, and inserting the free end. or 
the straw in the plastic tray prpvided* . 



1 " * ' i 
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(3) MiLke a la£afi drop or /d«Ibhis#d<vater pn your acetate sheet (the 
;{ia«^ge -drpp' st^tHld- !Pon;ftlj»ti.:'«^T''faW«^-^^ 



(5) How, make a 2 x 5 matrix at larae drops, aa shown In Figure 4 

!;J^v-.' * ,\ v: ■ top ro*^ ..poop ;0 . .-.-^ .U..^':.. ■■ •.s'":' ..>.:'V..;>- 



, plreie.;' 'cidirisip^!;' o t^. -4 's^a'il'v dria|^ . 



the top , rair,- 'nisMtbtiid^ 



iODfi fijooi^j^ (about tliua 



eryrtals: Of «abb:i3hatfi 



■■ . ,..-■•.■1 
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i^-j;^^ ^A'/^* 
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(B) The first drop in the top and bottom rows contains NaCl in : 



"^j., ,>;'tlM^f^tM^i^ttM^'B. '6f the lap. 



1 - * - . 



(9) Wipe off the leads with a^'papitatYitbf^^ 
bottom drop of NaCi solution. ••'^f'.- 



intio the 



Coapare the brightness of the LBD in each NaCl case; is there a 



■{XOy Perform stepe (8) and (9) for each of thii; Either sets of drops. 



Top Drop 
'■Boiton Drop- 



C«Cl2 



(1) Siflrt up tliii' meter/diode teait apparatus' As dhown in "Figure' -SV A " 
diode is an electronic device that allows current to flow in only one : 
direction. You vjill us« a spepiaX typ* of .diod* calJ.ad a thermis^r^ 
A tH«rini«tor 1* a'sMl^iidhU^r/iMtariit^ ^iph ha* roftictane* ' 
proportional to ^/t- ThuA ybu'-obriarVtt inar#0iMid ■rteifttancia with 
decreased temperature. : 




Vigure 5s Bquipment Arran^eaeat ' 



(2) . Prior to connecting the meter leads t.o the diode, turn the .aeter 
to tile ^kll6^hB8* setting and press the tmtton' '^in the c^ntel^ Of im ' 
dial until fkilo-ohms'' is display«d with only one space to .the 'rlj^t of 
the decinal point* After you have set the aeter, connect the dio« to 
the peter leads. -You shdiild obtaih a reading 01^ iwt^ X^/ybu . 
obtain an overload reading on the meter siiipiy recbtliwct; t^i# .MSibir'' . . ' 
leads to the opposite leads of the diode. 

(3) Fill one of the wells of the 24-well tray half-full of deionised 
water. Place the diods into the water and allow the meter reading to 

■tj6i^;fli)Uit«uiibi,D9« V ' ">. -. " 

(4) Add a sliBli aaount of Mn4Cl to «iie wall and ebiiarv* the change in 
the meter reading. Remember that endothermic mixing causes the meter 
reading to increase, while exothermic reactions cause the meter reading 

'to: deer«asa;-: ■ ■ 

(5) Remove the diode, from the solution, and thoroughly rinse it with 
4ailbnised-^watAi£i« ■ -■ v - ; 

(6) Perfozm the same procedure for NaCl, KCl, HgCl^, Caci2/ and AJCI3 
and record your results in chart form on the fbllolrittg paga^.-' :Claaaity-' 

endotheri^c cKT^exptharni ■ .: : ..' ,^ 




Ir' ' 
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l-« ' - Ali;' tM/iiblid6 Vqu used are Ionic Identify the ions and give 



2a. Did all th« solids dissolve? 



2b. If any 4id not/ what nigbt explain the fact that It did noti 



.;3. What Would you cxpwt to ta^^ iour; lUCi jind Hgci2 Vax^ 

■ vMiJiad :tpg«th«r in a-b«ak«r of miter? 



'11 '■, 
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5. What periodic properties/concepts explain the formation 

ipf ail ilonlc-TOppoimd?;- - ;." ;■. ' ■ 



6' Which salts produced endothermic mixing and which produced 
exothermic inixing? I& tenft of lattioe •Mxgy and hydration oner^y . 
acKpiain why We see energy being T6leaa0d c# MbsbK^ea in the^iicilig of 
these .ealtLii with iuteir. 



... - - . ■• , . . 
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1. ;. Wtaat '* . th# dlCf ar^nc«> b«tw««h a ' iiblution . and aiixture? 



2* What is the driving foircie ,ln the disaolutioii process? 



3. imat! iil; the purpaia^ dlf ■ -^blie li^ht emitiingr; dioda in this experiment? 



ji; .. What is itli^ fthinistor used for -In. 



5« What's the differenea between an endotbemic mixing process and an 
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The inv^rect&ed :widlty ct lakes srtd natux-al vatarwsys in rejCGi'i'r. 

■ years due to acid r&iu ia a najor concern in the United States, Canada ; 
and -s«V«rj!il Eur<»peah nations; Aeld >arla is generated whefn ' gases '^i^ck' as. 
suitor .'JiLiitidc (SO^) nltr-o^en dioxids {KO,-} are hydri?lv3<^d in vriiter..'" 

. . Th€ high acid content of clouds and waterways Itas daaiaged forcssta «ind 
tHe :>bmty of XaKes €0 sustain aquatic llfe. 

. ,.:In this &xp&ximmts y«u wiii investigate! the effects o£ th^^fi 
. . p^^ (COj) on the aeld' 

content of welter. This will b« doi-s.^t q\ralitative> y 'Jsiiig y.raD,d^ 
. : indicator in vater ls a protoa for changes in tiydroyen ion cone- '-.rjticn,' 

■ VYou vili also qua^ gas V* ■ . f 
..titratimj water acidifitt^-, by-. the: gases tc> detimlbs acid 'c-i/.tfc-:fc" i'-' 

, _ . . .* ■ '• .'i \. • ' . ■ ■-.-'■** .. ■ '. ' '. ■ . ' \ ' . • .■ 

MHOMf. ■.: .;■ . -^--^ ^ ' -'i^' ■ : ■ 

: '..DefittitidsS' ■ 

^ ^ ^ For thi» lab, we will define an acid as any substar.ce that 

Acid Contairitj Acid content is a neasuzii of the »to.ichioin<'^tri.c 
nujr.ba<- of hydrogen ions Avellsble froa an acid. Nitric acld/: k«ra!s;. can 
proviile only t>n« hydrogen ion per eolecjle cf acid, while sulfuric! • acid, ■ - ■ 

■: HrSO-i, prordiicea two hydrogen ioi>» per saittciUe ot acid. 

Acid content., My be; WM^red in several ways. Indicators Are .?h'_'/nical« .r 
which retitt><»hd to the hydrogen ior.s in solution by changing color, V. . 

providJncf yXfii3«l assesssent of nydrogen ion co^^centration. A mich more ■ 
V accurate ia#«s)ir«Bent can be wade by "titiatinq'* the solution. nils is 
- ':€lpiM'pg^m^^ aaount of a-bas« iot Known concentration) required 

.y,.;pa:ptiiapt.mta6lY t#ia^ yitJi Ibhs: aeid. Tou vill uss bolbh mthods -in this 




fpArbon dioxide, sulfur dioxide, and nitrogen nonoxide, nay be formed by 
^^.aeting . c«rt4iii aqileoue salts with an acid. Generation of eadti gas. 
occurs via a donplex chemical nechanisin. The purpose of this experiment 
.is not to investigate these mechanisiDS but to investigate the effect 

Carbon dioxide, C02* vill be generated by reacting a solution of sodiun 
:q»vlkMiiite, Ka300a« with nitric acid, HHO3. In SQlution, itodiiiM ' 

in an acidic solution, the carbonate ion will combine with hydrogen ions 
;:tb fon- the .Bore - stwg^ 

When a solution of carbonic aci4 Im'- iMiidmi mafX^ ucioiXOt Xt d^COV^OSeS tl> 
foni carbon dioxide ..and. water^s : 

" 90 -increase the acidity of the HsjCO^ solution, a strong acid (HNOs) la 
•d^id, and the gas, CO3, is released. Sulfur dioxide and nitrogen. 
:;MncMtidtt Vili in ih« n^turaX 

r:iil|vironment, these gases are generated by a variety of sources. 
;:llKtirayer,. the. gases are idoptioal to those gen!ara.t9d in-.thls expei-iwent* 

^e i>alanced equatioiia fdr the geneiratlibn of C0;(^) fron sbdiuK 
carbonate and S02(s) fros sodiu» sulfite show that different numbers of 
noles of gas are produced than the nuaber of aoles of NO (•) produced 
frOK nddim niirit*v t6v every iMle of wsz^^s, one mole oe 0O3 - ie 
produced. For every mole of NazSOj, one sole of SOa is produced. 
However, for every 3 soles of NaNOs, only 2 noles of NO is produced* .: 

To compare the acid content produced in water fron each of these g apajp-, 
you need to insure that egual moles of gas are produced in your 
wqpierivent. Yoa /Wiil.dff.tHie by dilntiiKl tSim aqujeoue solutlone of tbe 
Milti buM on tiMi. iMl^nweiA cdMiosi. 



Jiff cot -or Oas^- ^ 

The. gases that you generate will react with water in a drop of Yainada 



CO 



(Note: This is the ribverse of equation 2,) 

Vamada indicator will be violet to blue colored if the solution is 
■basic, green for neutral solutions, and yellow to red for acidic 
sbititifitfiiii'i, - 

Sulfur dioxide reacts in a similar fashion to form sulfurous acid: 



Wft'll not consider the effect of nitrogen Tiionoxide on water becausfti it 
<;luickly reacts with oxygen in the air to form nitrogen dioxide. 
Kitrog^im :iaioi(iSl« thm vith wlit«r~ forwihg nitric aoid and nitrous 



2NO 



<s]l 



2HD 



9(s) 



(61 



^Qtfaiaratifl^a of SulftikilWv-Mid ' \- 

A current area of scientific study is how sulfuric acid is formed in the 
atniosphere* Two ltyt»otheses have been identifl^id* The first states:. that' 
sulfuric acid forms within vatet dr^Iiitti wliea acid is : 

oxidised by nitrous acid: 



(7^ 



The second hypothesis is Vtliat sulfuroitB acid is ■i«|il.y oxidised tibi ' 
sulfuric acid by atmospheric oxygen. The difference in the&e two. . 
hypotheses is ths presence of nitrous acid. You will design an 
experineht tc* i'test ekiEAi Byiiiotlies^ and dcaw yofid:..oim .00flK;las 



■ ■ 
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li - C COj, SOj, and NO - 

from their respective aqueous salts. The balanced equation for CO; has 
been |>royldled (equations 1-3) . .Yqu Bust write and balance equations for 
:9pV atid NO' («de pAragcMphs C.lJ^ and D^l.a heipv), Based on these' V 
i^iquations, determine the ratio of raoles of aqueous salt to moles of gas 
p£oduced frpn each salt. You must adjust the concentrations of the salt 
solutions to insutiftv tbiit flw In 
all three cttsl's."-' Writ^» the ratios below: "' ■ 






ypur ratios should ,indi$;«te that sodiuB sulfite and sodium 
darBbriat* prodttde ' sodium liltrite produces 

comparatively leas. Beth the sodium carbonate and sodium sulfite nuet 
be diluted to produce the same amount of ^as as sodium nitrite. Based . 

the ratios from paraigraph A«l. / ^lciid&t».;the iiei^ 
polarity) of sodium carbonate aiikl sMl^ wa^JilM^^ na^dsil : (the . 

:Stook- .solutions are all i.o h)Tv ■= '--/-;::;;r-.' ^5^ . -v. 



a, Kow ufi« the relationship, MiVj = M2V2, to calculate the number 
Of drops of aqueous salt solution and deionized water that must be mixed 
to obtain the required concentrations. Recall that M is molarity of thft 
solution, set Vi-i drop and solve for Vj. Vj is the new total volume ' 
(In'.drops) required to obtain the appropriate concentration. By using 
V3-I drop, you will obtain the number, of drops of water to add to dilute 
the solution (the -1 accounts for your initial drop of solution). For / 
both Na2CX>3 and Ma 2 SO 3, show Vz, . the.jramber of drops of l^Q M stock 
Solution, and the number of 'd)»pa Of doionizad vatar mixed £^ Obtain -the 
correct -coiicentrationx 'W-'^ 



Dilution 



Dilution 

Data [Ja,20- 





B. EFFECT or CO2 CM W&TEX . ' " ' " ■" 

. ^1* ..Dilute your stock solution of Bodiun carbonate as determined by 
the iibb«ef calculations to obtain the necessary concentration. Do this 
by placing several drops of your 1.0 H stock solution on a clean area of 
the reaction surface and add, the correct number of drops of deionized 



>r2i. Place two drops of. Vfoiiii^ , Indicator in thsj 

■ .:. ; . -S* Rinse an unlabeled mlcroburet several tiroes with deionized 
wat^ and then use it to transfer your diluted KazCOa. Place two drops' 
of the diluted NajCOa liiear bufc'tiot toa^ii«7^^^^ indicator and : , 

cover the dish. It >ill be important to have the same drop size: ^l) eadh.. 
.section so the same unlabeled microburet must be used each tii&e;« ' ' -V . r 

4, Carefully lift an edge of the lid and add one drop of 3 M HNOj 
directly on top of the drop of U^zCO^, Describe what happens to both 
:.drc^. .€S(mtim» to at X«aBt two Mihutiia^ - 

a. Evolution of carbon dioxide will be indicated by the 
appearance of bubbles (equations 1-3). The color change of the 
^ ind.ioatpr is due to the formation of carbonic acid as. the- cMirbon dioxide-' 
dl^solvee into the drop and reacts with the water. 

, Carbonic acid is a. weak acid i This means that it doeaii/t 
dissociate donq^letely to give ions and bicarbonate 

(HCOa') ions. Instead ^ it j^rti«l^y 4iBttociate»/ equilibriiiB is 

established.: . '.-v' .-i^ i--":-* . ^ ■ ' 



Mttb RMN page 5 



5. Repeat steps 2-4 using IS^'aO.- drop* of freshly drawn deionizcd 
'wat»r instead of the indicator, ninse out an unlabeled microburet with. 
daiohlzAd water. After two minutes, insert your cleaned, unlabeled 
;aioratiur«t throuigh the entry port to remove eoine of the acidified water. 
Place three drops of this solution on tbovroaqtion surface apd add one 
drop of indicator to It. r : .. 

6< Titrate this solution of aqueous carbonic acid to t^etermine hovr 
such acid was produced by the carbon dioxide gas. The procedure to 

.tltrite is: 

~ a. First empty an unlabeled microburet and rinse it several ^ 

b. Place 10-15 drops of freshly drawn 0,001 H sodium ' 
hydroxide <KaOH) onto the reaction surface and siphon it up with the . 
qleanf unlabeled nicroburet. Always transfer the acidified water and 
HabH vith the sawi nicrebiiret to ensure the drop sizes are always the 
ifaiaift. .':-'iie'^. ifUl'-asaUMe that.;sbe'- Wip -has-:e:.veiaM-.ec a.ioakier ^- .l. 



' ' o. Carefully add the base' ^aOH) oiie drop at a' tlnie to' the 
acidified water on your reaction surface. Continue to carefully add 
.idropwise until the indicator turns green (indicating the solution is no 
longer aeidio) ^ Count tlie nuabar -of drops added « . this "equivalence.' 
point**, the number of moles of base added Sugu^ 
Iqfdrogen ions present in solution. . . : 

d. If the indicator turned blue, you have passed the 
ieguivalence point- Assume that ^/^ of a drop of base would have yielded 
V^sw oolWr then, total the mniAier.. of. drops- of base added . 

V ' e. Record the colors of your acidified water with indicator . 

be£ore;'JMl(i «fter the titration. Also record the. UAUM^er o^ dttipis HaOH " 



' - '/it^^ie:. of ..'ilrepe...0 . 001 M liedH-adaedit 
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:c» : EFFECT OF soj :<w^.iate»- ■ ' 

:i* soidiun sui£it€t (Na zSOa) to :p«rifoirn iih eacperlkeiit' eh^ 

the effect of SOj on water. Follow the same procedure as you used in 
showing the effect of CO2 on wator (5«ctlpn B) • (Remember to ch&nge the 
.'eahiSiintritLein :ot -y^^ ^tock 'iBoi'ltitiefi e> ailovT-for geaer^tlon of efu'e'l;!. ; . 

CAUTIOHi ALWAYS NSDTRALIZB TBI P0I80NOD8 00^ BY XDDIKO 3«0 H 
MUiOMim HYDROXIDE (IIH4OH) TO THE PETRI DISH PRIOR TO UBIiO¥I|IQ THE LID . 
AMD AFTER TOD HAVE REMOVED YOUR ACIDIFIED SAMPLE* 

a. The reaction of Na^soa and acid is similar to the reaction 
of acid and Ha jCOj (equations. 1-3} . Write the chenical equations for. 




"b:. ':" -NitMiiit-^^id -is -foiiMd When .8Q2/ diiiitdiyMi -i]|-.i»«t«r7 '. 



V ■*', 



' t. ^ '• ■■. , 




- ■ .'. ^■■:■■v * -sj :■ • ,: 
>.■■■/.■'■■■■■ - .r^ 



c. The fonntion of this acid is analogous t,o the foniwtion 
ot carbonic acid- Wtittt ^1c|M'^^^ Iftt^etion that dssorib^ tHir" v 




d. After diluting your stock solution of sodium sulfite, 
■J} transfer two drop9 of tlie diluted solution with an unlabeled nicroburat: 

: (don't forget to r.lnii It'jfin^ deionisod Water) to tha jpe^^^^^ 
-. Add nitric acid to generate SO2 and show its effect on a drop of Yamada- 
indicator. reheiiihs|R to neutralize ths SO2 before ufting lid OFF! . ; 



": ri ": 



■ 2. Repeat the generation of SO? using freshly dram deionized 
^t«r and your diluted Na^SOs. Use the same amount of deionized water 
as. ycni used in B.S.b. collect a sample after two ntinutek and titrate 
this sample using O.ooi m NaOH. The titration procedure is outlined in 
paragraphs B..6^a - B.6.e. RBHBMBBIt TO MBOXftALXU THI K>,l Reoord your 

. wiMiltB belewi :■<:u.:^■i^^:;:.l■^k•r■y^ :V^4;v-y-^:-" ^' ■■■-■■a -'.'^ P-.^ 

.-S'^^^ of - drops ''baiHi .■irtwiaV.;-^"--/.';. '^v 

. (NOj) on water using 1.0 H NaHO?. rOTS imv TOXmaiS^M 
: -'ftBMAIHIlia IH THE nSlQ .l^SB mTK..l|H40m . , 



■ ■''*■. 



a- The following two equations have bttttn- filled in for you. 
Pill in tlM lailt tttfaatldh fbt tM ff^ no in an acidlfi«d drorl> 



hm Nrite the aquaticMi for the reaction of MOa and water. 




Generate HO to show its effect on water. Describe what 



d. Hie brown colored gas produced ie No 2. Nitrogen eono^ide 
(NO) is an unstable gas , and is iMMedii|tely oxidised , to NO a by 
jStnoepheirilp dut^mh in tho petri dish* Mitifogeil dia)ad« itt a sfoipotiDUS 
gas. IT TOO MUST BE N£UTRAI>IZ£t> BY ADDING Nn40H TO- TUB .^STB£ DISB, 
followed by a wait of approxinately thirty seconds, : . * 



dish. 



3. Titrate a. sample of water acidified with NO2. Record your 
results below. RGH£HB£R TO NEUTRALIZE THE POISONOUS NO2 GAS USING NH4OH 
AFTER REMOVING VOUR : ACIOZrXEO MKTBR BUT MIOH TO WEHOmiQ THE . 

PETRI DISH LIDt 
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- J?- .roiljKftTION QF.SULPDRZC A«ID . :S ; . ^ 

Design an experiment to test the two hypotllitS0B about the formation- 
of sulfuric acid in a rain drop. Hhe. experimentr qiiould have at least ' . 
■;;three: pattit ^ /: ■ 

a. Procedure (experimental)* Outline your procedure to illustrate 
yiMt ydii' tfil^ do* iMwinga inay be helpful,- 

Observatione (results). Collect your observations in a way 
that is eaaily related to your procedute.- 

d* Conclusions. . Evaluate each hypothesis in light o£ the 
^ ^!^^ your eumfria^iit. - 

To help ydui get started, you have been provided with O.l M 
Ba<N03)2> This will be used as a probe to detect the presence of so^^' 
by giving a white precipitate, indicating tbe fornatipn of sulfuric acid 
as opposed to sulfurous acid. 



••n ■ 



After completing your experiment and recti^rding all necessary 
information, clean and dry the petri dish and reaction surfaae>. . Rinse 
out the unlabeled roicroburet several times with -deioniaM watac;.. aiid . 
pirf om any oilier n^oeseaury. i^ clean iip* 



■ 
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' ' !• ' CaloQlalbe th6 nunbsr of moles of acid produced from the 
generation of €ach gas. Use the data from each titration that you 
perfom«d, and. recall that at the ttqulvalencn point, the nuiBMr of .AjdXfie 
bfnapid preafent equals th« nqabw Of nol«s base added. 



:2» Kttke a ItabI* -lifting M<di ga»i tlM acid eonteht prbduoed, and the - 
indicator colors at the beginning and end of each titration. What 
comparisons can be made concerning the capability of each gas to affect 



1 
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'^h. f-^*r-^^^i'^^i^ can be . eohcludcd abdnit of 



, . ■. -. . I ■ 



2 . Write balanced, equatioiw ..;^*iMq;tlain bdfr eadi gas .^bxsi^. an; Wld^:^^'^ 

-....-with water. ;^^:^■'i;v■;^;■^'.■^■■:■■■;^■^l^:..^^^^^ ■ "■■^■^'■^'.v 

i. flhat can be eoqtfiiE^^ water given -^v^ 

'V- that".;Ca.^bon^;<U!McW* ■ yV;>::-, 



4. explain why- acid rain is prinarily a probien in the Eastern 



-;.qiM.te|d States aiid Ca|ia4a .a^ ppposed to the Western .United states. 



I ■ !■ ^ 



^^vA^i:: 5. How do you think vc can solve the acid rain problem for the - s 
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PRE lAB EXERCISE 



lv:„ UiiBt that react with atnas^^sric water to cause It to be 



2. Hrite the equation >f or ttWr WiAti^ 

;vateT-.(tivdrolyzo8)': .■■•H = 



4>:: 0o HCl acid content? 



- - .. 
-■- ■ Mil 



SPECTROHETRIC DETERHIHATION 
iSr UN BQUlLiBRIUH CONSTANT 

' 'CiMal«tcx,ii'ai' 



llfTBODUCTlOW 



V : - ; . Op all ghenical reactions go to conpletion?: Do they progress 
until all of on* t«actanik is conpi they proceed . 

to only a limited extent, Or for that matter not at all? These ar« 
important ouMtlons concerriing chemical equilibria which will be 
discuflSttd in this laboriitbrV. ^ 

A condition of equilibrium exists in a chemical system when two 
cwosliig reactions bcdur slmuit«in*Ousiy at the sane rate. As a 
result, products are being formed from reactants as quickly as 

..rssctants are beingf produced from products. It is important to note 
tlwt «tter jsguilibfium ha^^ been established, ther« will bs some 

■poroducts f oriM^ 

Not all reabtioiw igpor G^mpletion^^^ ~ 
does go to completion is thp- dtpsooiaiioh of a Strong aicld; subh jis 

;.HC1, in water: :'' ■ - . 

S■■■^-->'■»^t.l■* . 

Mte single arrow indicates practically con^lete product formation 
.(HsO* and.Cl'}; we would expsct no significant amount of reactants 
-pt: rfM|;n if O0m .nqle/6f iiCV is reapted with one iaole at water; : 

. : .; >VOn.. the other hand, a system at equilibrium such as the reaction 
..cK£;irvm'(iXlV'~.^9^^ wttli: tbet- 'l^iibicy^ ±<bnt : ■ 



_ 

is expressed using two arrows pointin^Vlii ' Opposite dirsbtions t0'= . 
indicate a state of equilibrium. > ■ 

Equation (2) is a net ionic equation where Fe^*^ and SCN~ 
'irispresent the reactants and FeSCN^^ represents the product. Vou 
cannot simply go to the comer store and pick up stime Fe^* or SCK"/ 
ions. In this lab the re^* ion comes from an Fe(N03) » (iron (III) 
nitrate) solution and the SCN ' ion cones from a KSCN (potassium 
thiocyanate) solution. When these speol^s sris mixed in ^n aiqpjieo^ 
;^.oitttion,. .thm.'folltmring.icHis tormy/- 



- i 1 



The K*(aq) and NO^'C^) ions remain in solution unchanged from . 
meesnts to piTjQduteta.; Ibro thftt rvnain unchangsd in tiM oytofall " 
reaction are knolm .^s spisotator ibhs.and actt iio(t ihovn in tli« iwt 

ionic equation. •,. . 

Yon can deriv«.>t|itt coc?t«at. sguiilbrit^ Cionstiint •xplrasaiom«:;x«> 

. for equation (2) r- . ; ' - 

y^-. (products] ■ - freSCM**] ' 

K^V- - — W 

* (reactants] (Fe'*l(scN"] " ' : 

Ke is the ratio of equilibrium product concentrations (the brael(4(t« 
denote concentrations in molarity) to equilibrium reactanc 
concetitrstions. Each concentration terti im raised to a pcywer giywi 
. by the number of moles of that substance appearing in the balancisd 
chemical equation. In equation (3)« all molar coefficients are 
^ : ;©q|ual to !• ■■■ 

\. OBJECTIVES 

There are three tliix^re you shou^ accomplish during this 
\.;: : : . laiap^atory s . 

.i . . i> . Learn hov a standa^rd iaIaonitQJiry instrument, in this 

a. i^l^tromster, 1» uMd to ieollibbt dlit^ on ^emicMll teactiohs. 

2^ Determine the equilibrium constant for a chemical. 

• • ■:v:raa«rtiqjB. ■ ^ 

9- Detewiine AH,A5f, and for a chemical reaction. . . 

In thiii axperiment you will detarmina tl^ Viiiu*: of t^ ■ 
^jaiguiii^ -v . 

Unfortunately for us, we do hot know the equilibrium 
^ concentrations of Fa'*, SCH*, or FeSCH**, but only the initial 

; trohbehtraitiOna ojf the twb rea^ Fe** and SCM'. The equilibrium 

concentrations of FeSCN^* is determined col orimetric ally using the 
,V : spectrometer. iron(III) thiocyanate ion is a red-orange . color and 

^ r tha ihtehsity of cOlor Ihdrieases with increasing PaatN** ' 
K^: concentration in solutiort. To determine the equilibrium 

concentrations of Fe^"^ and SCN~, we use the fact that Fe^^ and SCH~ 
;;;; : oah exist either as uhc<»plexed (ftaa) ions or as complexed^eSCll^'^.' 
The equilibrium concentrations of Pe?* and SCN" are found by the 
difference between the initial concentration of ion added to the 
? •oliition and thaifsohcuTtratioh 



EQUiLiBRlUN CQMSTANT Pa^O; =2 



- ! -:i.Thiis reaction must be conducted in a Moderately strong acid - N^ 
0|KaHioii:.t^ the fqx|iaftiQiit:^:^t^ Eik^'*; ioiftj ;; 

''itkid'rfeOH';^* , 4-on absorbs, light at th« sama liraveieh^th as FeSCN^^. To 
have >lr«Ott'+ praseiit woiild 'catiee' ecm . : 

Actjcrdihg to Ls Chatelier's principle!, addition of B*. shifts l^iii -j 
ji^quilibriuiB to tlie ^e£t, minimizing the fpi^natioh of FePHV.*:^^^^ 

You will use a Spectronic 20 spectrcr:eter to ^r-easure the aiiQwfi^; 
of light absorbed (absorbance) by the PeSCK^^ solution^ The 
iiibeoetMinise, a, of tM eoiuiiipai is proportional to idie'.re^^ : 
dpiK^erijt^ at^t^Qt^; t^^^^ eqtMtiqni^ 

Where c and l ars eKipirically a??terTnined:.conr.t«nts. This 
•Irelationship is Known as Bear's Lav; • fit the molar absorptivity^ an 
ik^ensivfi pie^ species^ etid i is tihie^^^^y^^ 

effective path length, or distance the/light ipust travel through the 
solution in the sp^trometer. For aqueous solutions of F.eSCN^'*^ the 
Kolar absorptivity x 10^ M' ^ca~'*^^6t the' vieiveiyftngtH^ b^^^ 

maximum absorbance (447 nm} . The path length is the internal 
diameter of the special tube (cuvette) used to bold the solution* ■ 
;Vb«i-'WHl- use a Guvettfe--with^ti"/-ivi7^'caa^^ -Thu8V>''for:''aque6uiB':'...:~ 
'-'sbiiitions -of Tm0^^:f--:i^-ijso^a^ of TeScn^*- 'is giv;en-.byti 

Although absorbance can be read directly, the scale is 
^nonlinear. This makes it difficult to read, and very easy to record 
incorrect data^.;;:^tieteed, use tMe ::Ferc»lMi^. transmi (%T> « scale 

;slnce it la iiniK^r:iaftd "easier. *o-m 

- You Bii^^b«;:^de^ - 

- -log T . (6) : - yy.'- 

(Not&i tfsi^ T in eiTv-atlor^ 6 and not % TV>v- A sample of very ■/high.. -.. 
color intensity absorbs virtually all the ^^^^^ from the 
epttctrdimter*- ^i<^ 9lves 0% transwlttiiiiBe-^ia^. infinite absorbance. 
^ jjonvarBely, as the sample scOuticfTi bocor.ea isore dilute, mor<i light 
.:is transmitted through the solution. At zero concentration the : . ; ' 
/^itjaneBltftatiq^.;^^^ and the a|>BQzl»iiGpv i;»y 
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You now know hov to caXcul^ttt the ^bsorbance (equation !&) aind 
thiis, you ue4 thle numbar to determine tli« Acttilllbrlum eoncentratidti; 

of FeSCN^* (equation 5) • From equation (3), we know that the 
eguilibriuiR concentration of Fe^* (tFe'*].^) .may be found by: 

The dependence of the equilibrium constant on temperature \ V 
ihdioflites whether tlHr r^bStlon is «hdotlieniiCi: w exotliermio. If -the . 
equilibrium constant decreases as the temperature is increased,, wm; 
know that formation of the products compared to . the reactants is ; 
libSa favored at thiis teaqpei^tora than at the Iditer temperatur«y 
th^Sf according to Le Chatelior's principle^ the reaction is 
•anithermic. By a similar process of deduction, we could conclude 
that if the eguilibrium constant increases aS the tasperatuEs . 
. ljioE««ses«\ the t^iMotion Mist be exidottM .: ■ 



* > ■ 



■ fiaicaliVfrin ycAir stod^^. Q^ 

ici ^ —Rt. in-Ke V:/ V- ; ; <9>- ^ ; ■ 

i^oB (tota yoa colleot in^^^^^^ yoa can selvp for>U : 

these thetwicli^ical jprnruit/iMrBt ■■. 

1. By measuriii? tx^bsiMittsllo* imd- equilibrium 

concentrations, you can find thik^yaliim, fior-ICB :a 

solye for aG using equation 9. ■ 

2. By studyiiig the reaction at different temperatures and 
calculating the eguilibrium constantf it is possible to calculate . 
the heat of reactiom, aH, and tHe 'chahg^ in >S« ' 

By substituting the value of aG frcnn equation 9 into equation 8 you 

.bbtalnt •'r' -"'■.■Vv'-" . ■ \ 



pividing both sides by -I^. yoi^ obtain: 



In K, - - 



r 1 



;;R-J. L-^J Vt -.:,- ^ . ■• 
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reoippcical of the temperature In Kelvin plotted versus tha^ 

natural logarithm of the equilibrium constant (In Kc), should be a 
straight line with a slope of -aH/R where R is the gas constant, 
S« 314 J/(nol* K) and aH is the heat of reaction. What dbmm , 
slOp« of this line tell you about the axottisnicity or ' 
andotharmlcity of tha reaction? 



/ ■■ ■ 



3* bnoe AG and aH ar« calculated, it's a si«pl« ioattsr to find 

•aS from Equation (8). You may also determine aS from the 

y- intercept of the graph mentioned in paragraph 2 (y-intercept 



NOTE: Fe(HO,), IS ACIDIC. fiOIH Fe<MO,), and KSCN 

yiii swH im xjiB BEtmKs. bb oikEtiiL viiii tmsB 

SaUfTlbiK AMD WIPE IIP yOUK 8PIIXS ilMKDI«ALir.~ ' 

5POHGES, CLEANSER AND ELBOV CREASE ARE TRE ONLY 
KBTHOD YOU VILL USS TO CLEAN THE LAB BENCHES. 



1'. Thiorduiihly'' clean; rinse aiid dry sight 250 nL or 100 sL . 
beakers, Numbsi* tiie beakers one through eight with a greasti pendil. 
Remember, alX of your salutlons will have the same volume of ; 
'40.00 nli;"'"-'' 

2*. Using a clean beaker, obtain about 100 »L.pf 0.00200 M v . 
i^CN stock' soltitiehfroa^^-t^ side shelf. In ahotfia^ bsalesr 6fat«lii 
about 100 nL of a mixed solution which is 0.OO30O M with respset to. 
Fe(H03}9 and 2.00 M with respect to HNOs- JReoord ths exact • 
.dohciaitrat.l6p of 

3. Fill your clean and marloAd beakers with these reagents in 
liccordance with Table 1. Use a grkd^tj^. c^lindfir.;to' 4Mj^ the 



v.- :■• 
■ 3 /■ ■ 



116 



TABLE 1 





BEAKEg 




KSCH 


De- Ionised. 


Total 








' 4,00 ' 


■■'.M.OO - 


4o:oO hl 




2 




6 .60 lilL 


24.00 bL 


40.00 ttL 




■ ^ ■ - '■ 


10 - 00 : 


1.00^ 


22.00 HiL 


: . 40 >. O0 aL 






to.ob ' 






40. 00 JtL 






'■■=^:- 10 ,jdp. y 


; '"13.00 .-itf,;' 


. 10,00'iji; 


40;D0 «L 






10.00 hL;' 


' :'i4jD0--fa£ - 


vii'.oo'^;..-- 


40.00 Id. 




■ 7 


. ■ ' ib..ob . 


i6;o6 id. 


14.00 aL 


40.00 aL 




8 '■■ 


10. 00 aL 


18.00 BL 


12.00 ^ 


40.00 aL 



4. Mix each itfiidii61fm: With a clean, 4xy staffing -rodr^^r^ 
dry your stirring rod ftfiuMr •ftch ^latloni,/ IteiMM' tlUir ^attial ' 
volunes used. 



5. Be sure that the wavelength is set to 447 nM on the SPEC 
20« Calibrate the Spec 20 using the instructions on the last page 
of this handout. Mow you are ready to Biaa^uire tKia p#rbaait -^>.' 
jtr^snittance of the solutiona. 



6. Measure the temperature of one of the solutions, 
that the tempeirature is the save ;Eor all jbeakers. Record th«k 
.tf^piierattire below.-^''- 

7. Obtain a cuvette from your instifmctor. 

8. Be sure the cuvette is clean. Fill the cuvette tio;;tjh« 
bo;:toiii of the frosted circle with solution from beaXer 1^ ... 



9. Place the cuvette in the SPEC 20 with the frosted circle, 

aligned with the mark on the SPEC 20. Close the cover over the 

IjO. Becord the percent transvkittance. Use TABLE 2 to record 

'^c. the . pez^nfc :traiianit^ . f.-:'- 

v'ildTC^s in the SPEC 20 for an 

extended pjB^iOd^fQ>^ .it .ifiXl vax^ and clUUSg* th* 

.rtta4inf.v. 
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jf^/V; 12. Rinse the cuvette with a small (Igks than 1 mL) ax6un±(,j6t:,-:./-'-^^-''^:\ 
'vffbluiUrOn. from tim n«xt JaiftaX^r* Oiooarcl tbe rinee sglutipn^^ i^J^ill^ 



* . 'i 



'Noti^s 'B#^ the ettvttttd with th« Boiuiion you 

. ' are going to msasUtiB'^next. This will avoid contaminsit ton of the new 

' . solution to b« by ^ ^t^ solution. Also, don't rinse. 



13. Repeat the procedure in step 12 for! t^ rw 
V numbered 3 through ^ ,. V, 

}>-l''^''f:'^^-^-:' 2. Fill the blue pneumatic trough vith en ice water solution. 

3. Fill another pneumatic trough with hot tap water. 

4. Pla<^.J»9«lc«ff« 1. tlurough 4 in tbe <$ol4 bath ^oc ait l,ej^at.ten 



5. Place beakerv $ ttorduphjei In. ttte hot yater. bath tor at. 
■^ieast ten-niikutes. ' ^ 



? . . NOTCs The next steps skuot. be carried put in a TtHELY fashion. 

:>V:'\'':i^'-''^')r#veiit' 'large temperat'dTO><Ann9es from o^oiii^ing. ' . -^y.'CK 

v?: -;:'. - 6. Remove beaker S from the hot water ba^. At this titte. M'}^. ' 

v l; 7- Fill the cuvette and measure the percent transmittance as . Z 

B^ Repeat ateps 6 and 7 with beakers 6 through Be sure to 
' rinse the cuvette with the solution. befoKijp'^ifMUCii^ 

:^vj;;;|paaasaiit^n9i^ . :}h)'i^-r-f^'<-':'y-r^ 

?r>v^' vi^;/ How you can mejiiiai^e the iMsrcent transmittance of beakers 1 

i-^:-.-z^ifOSi^' ^, in the cold, iMiiter bBth]^.' following the procedure in this - - 



' '•- .'f 
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TABIE 2 



BEA 

KER %T 


1 INITIAL t EQUILIBRIUM > 




1 


1 1 — 1 




■■.2., 




'■' I- 1 
3 ( 


■■■-■i ■■ ■- 1 ■■ '..--^ -1 - ■■ ■. - I- . . 


4 1 


1 1 


■ .■:-r : . -.1 ■. ■/ .1 










1 ■ I . 


r ■ 






6 1 


— 


■ ■- ■!-•- ■-{■■".. r 

\ ■ ■ r-': 




-.- ■ -■ - 




^-^ 


1 1 . . - 
1 1 




■■ ■ 1 . 


a 1 1 


1 1 
1 1 




1 



- 1 . iJ. 



COLD TEHPERA'l'UJ^J:: : TtKPERATUfeE- 



r-'T ■ 1 1 1 I .... 1 ■!■ 

Ill 1 1 1 1 - 1 ^ ; - -1 :- 


i 1 1 1 

^! 1 1 h-r- 


■■ 1 ■■■■ ■ 




.. .. 1 ^--.v i 1 — 


T^H-H 





not TEHPEBATUSS; tjEITOMn)^ *C 



— J— 


-| 1 


1 


\ 


! 

-H— 


[ 


1 1 

—-h- 




H — \ — 


— 1— 








— 




I I 


— t— 












\ .\ 


— 






vi-..: 




- ' ■ . 1 > 




. " ■ '' ■. 




1 







- : ■ ' .■ ■ 
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.-^^ lab report must .include th« following; . ^ 

3- Results - Since there are many calculations that must be , 
: : ipade on this lab, the use of a spreadsheet program Is recommend^* 
Using the data collected from Part 1 and Part 2 calCUia^. tfta; : 
following and Include it in Table 2. iV'' '^- "^ 

a. AbsorbcuK!^ from tba tiftUMMittiv^ sant^ia;./ 
calculation below) : ' v.. - 

b. Initial conceiltiraidons of l>!a'^/ a^^.S^ 

''V-;-Miapl* qiiilcalation belov]^^^ .'A:-y---' v-^^"' ■■■■■-•■v r 



^'v -'a: 1 ^fiptilitoiw-cpncpntratip SCH',. and FescH^'*' 



e« The average Xc at each tanpcratura* 

■ ■.■K« at roim iMiiMMriitiira; 

Ke at cold tenperaturax. ' 

K< at hot teaperatut*; r-". * 

g* \.: Ati'';iLi■ttng^'ia-'-%rap^ I/t veroua . In -Kc . and iAii^ 



h. A$ f!^cM tliar Vrin the aam«i gra^fei' 

aquation (11) j ■.vV■■ 



Place this data into Table .2 . If you use a coaputar baaad - . 
apreadsheet, ybii -m a pirintout of your daia for thla 

table. Be sure to indlcwta^^tliat ar jq;»raadal^ la attaiBbM . .: ... 

.containing your data. '1. \ ■V-.^"'':.'-^\ '■ ■ ■' 



EQU I LI BR I IIN .CONSTANT. .P^a ^9 



TABLE 2 -V V. .■ ■ ; 



1 — r 



2 I 



+ 



+ 



■ 

+ 



T I 



T 



4i 



5 I 



I i 

1 — r 

I I . 



6 I 



J 



7| I 



8 i 



1 — r 



J L 



COLD TEMPERATURE: TRHPERATURE- 



HOT TEHPERATUKE: irBM^EUTDRE- 





1 

2 ' _l 






1 "' 
3 1 








■^l.;c■--v! . 





— 1 — 1 


1 — I 


.1 I I 1 1 






1 - T • 1 ' \ 

(ill 1 


1 1 

7 1 1 


* - 1 1 .. 1 . ..1 

1 ^ • ,1;/;- v|-.-^:-.-l !^-"" r 


' — r — i — ' 

81 , 
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4. CONCLUSION: Compare your aH, aG and aS with the £oJ.lowin9 data 



^''W M^] M^J 



AH...' "AO..- ■■' 

..." .- i-fiB. ' ■"• ; ^""tT 



Morte: These theoretical values w^-ll probably, tiot Mitch ycur 
nqiezlimntai^ 



• Lt . .... . :\ . '■ . ■ ■ . .• 
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. ;. INSTRUCT 1 0NIK FQ9. THE OF THC. SPEC 20 

^.l>. Bi^. suM in aM..tiM^nb4 pn; 

.2'^ If tho SPBC 20 is hot: oii^ ;tur|) it on by riotatihg tho powdr knob 
on tho left front face of th4i Bpoo. 20, cioekwiRO. E« will then take 
;ld Binutes to ware up. 

Set the correct wavelength using the wavelength adjustment 3cnob 
(on the upper face« right hand side of the instrument) . The dial is 
calibrated in nanometers. Remember to interpolate between two scailo 
markings to set the right wavelength* A»k your instruotor if your 
not sure how to set it correctly. 

■4^ Hake suro that the sample ooapartnont is empty and the cover 
.oloa^w Adjust- the power knob« still koeping the power on, so that. 
1^ ■^t«x:^;nMd^^'0%/tra^l«alttone^ 

NtiTET Tto avoid parallax e^nrol: in yoal^ heading of tbci hoedl^, 
move your head so tlUKt-.tlM nliodlo QOid- lt^ roflecition in the mirror, 

are superimposed....- 

5. NOW fill the cuvette to the bottom of the frosted circle with 
de-ionized water. Wipe the outside of the cuvette with a tissue and 
make sure that it is free of fingerprints* Place the cuvette in the 
compartment making sure that the line on the cuvette is aligned with 
■ the- line on t^ie front. 0£ the sample'^ oompartment. close tho lid: over 
tlis ;saiiplo " dgspartjaenlL* ■ -■ ' 

-4.; 'ifM ths -kncib Moa tliii right front hand f aos of the apeo io t)i»: 
adjust; tbs M .. 

7. nspoat i^-MlBMivm ':mi^^-A~9, uni^il tho SpOis 20 la oaiibrAtMl, 

B. Make eure that the outside of the cuvette is clean and dry. The 
cuvette itself should be rinsed with a portion of ■ tbs Samplis- yoU- ^ 
.yJLeh to meamire tiM. penenjt. ^tranaaittanc^ of.. ' 

9- Fill the rinsed cuvette to the bottom of the frosted circle with 
the senile you wish to measure the percent transmittance of. Dry 
-the -itiEt^ior'-'of the cuvartt*^' 

10. Place the cuvette in the sample compartment as before with the 
>ine on the c^v«tte sXigiMHl with tho liins on ths front of- tlw saiii^ 
oowpirtasntt - . 

.^1. Close the lid. eh th^ siitC^ ova^srtaMiit; aiifd vp^_^^\,pmrtmot'' 
-■teaiisBittanc^te tt. 
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' of an Uiilcnanim acid c»¥ Ik often detarnitied 

by "titrating*' tha ibiknown acid with a kt^oun amount of base- In 
, .; this axp«rixDent you will perform a titration of a strong acid (HCl) 

with a strong basa (NaOK) and you will also parforn a titration of a .-i';-.} 
waak acid (acetic, aeidK:ti:ilA;^a^*tr^^ ^'r: '2 

QBJBCTIVB ' : .. 

; 1. Understand the coiicapt of the titration Of 
with a strong base. ' 

: 2^^^ Int^odupa tha 'laborat€xry..^(:hni9ia of tilbcatioti. / 

Refer to taxtbooK for the complete theory of acid base ... v 

; " titrations (Section 15,2; Chemistry . MastartiDn ania. Horliftfii . The : vr.:. 
'y.;-.,follpwin9v-i« a-bri^'^raiyiaw-'of "Ittw'vt^ 

^':Th4-~tiiBt';ic^ip;;\e^^ for. tke-'-reabt'^lin.batVe^ 

^^:,-,■|^id};%■■*^ 

.' The equilibrium constant for this reaction is approximately 10^^, so " -'^'^ 
;.:;that for all practical parpbeaa tbie xeactlon ^cwa^t^^ 

A typical strong acid/strong basa titration curve ia.ahown r 
\ 'below. The volume of titrant is plotted versus the pH of the./ i .: - ..■ 
solution. The equivalence point on the titration curve repreienta .. 
the point at which the the moles of base (titrant) added is 
' ; equivalent to the number of moles of aoidvln your utikaiMm aolu^i 
Notice that the pH is 7 at the .eqaivaleiibe.; point 

acidi/strong base titration. . ■j^f'V:;\- .^-f.' -.r/:" .■. ^- -y/r'- J • ' 
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ve Will liii^ lenov t]t« pH of th» aAlutiini In cMir strong 

:^':-fiilci<X/strong base titration^ hov can we d«temlne the equivalence,: -' :' : 
■ylppint? The answer is quitf 9inpX9*.. . |*« will an indicator. - V^^^^^ 

An indicator is ju&t a Very weak acid that changes color at 
different pH ranges^; The indicator that ve vlll use for the strong 
acid/strong base tiiiPfttiDn is phenolphtlialein. Fhenoipnthaieih 
changeift from clear to red around pH 9. You may ask why are we liSiiiii 
an indicator that Ptian^cis coior at pK 9 when this .equivalence point r 
. occurs at pH 7^ - Ifdtice. that^^t steep both 

< before and after the equivalence point, ih fact, the line is alilj^t; 

vertical between pH 4 and pH 10. Because the line is vertical 
h: between pH 4 and pH 10, there is very little change iri the volume of 
^:^j:fi9Xl^Mdd^ in this range. Thus, any indicator that changes color in 
the vertical portion o£/.t||iB strong acid/stxoj^ base titration 
is ecc^table- ;;-:J;-;/'-;-v'_';v^^ ■ :: '■■f'^ ^-^v^' 



' ['a^^^ Base 'Titration' 



; X Weak acid/strong base titration is quittt different than a 
strong acid/strong base titration curve. Letfs eaiw£d«^ 
titration of acetic acid with NaOH* 



The eqailibriiun constant for tHi0 reaction is appriDxtibb1;^;Ly .^li)^, so 
it too goes to completion. Let's consider how pH cha|^te^'; during. Uie 
titration as shown in the following titration curve;. 



Titr«tiaii «f 50.00 hL 
■•i-. wc«k acjtf HC2H3O2 
(l.OQOik) vlrlt- 1.000 M NaOH. 
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Notice that the pH starts St about 2.4 and rises fiipidly. 
About halfway to the equivalence point the pH changes very slowly. 
In. this region you have a buffer systea — acetic acid and the acetate 
ions-produced by that addition of 0H~ (as shown in eqiaation 2)w rAi- 
the equivalence point the pH is greater than 7 because in this ■.:.'■..':[ 
region there is no acetic acid left in solution, but only acetate 
"^^lohv Which is a Weak base; Not ipt also that thA dorve is hot rtiea^iy 
as vertical around the equivalence point as it was with a strong 
acid/strong base titration. Therefore, we aust carefully choose an 
indiea^r :«|iiG}| c^^ ^ejey oiiAse to. thci equlvalehoe: poiitt . 



Before we start any titrations, however, a cheinist needs to 
make sure that the concentration of the titrant is known exactly. . 
The- cbncentratioh of -the 2^ Mltttlbn liay change with 

ti]M« If CO2 is absorbed by the HaOH solution, this would result in 
fbipation of carbonic acid which wpuld . neutralize some of the NaOH. . . 
To determine the exact concentration of the NEiOii sblntionV 
therefore, we must "standardize" it against a known concentratfion of , 
acid. The acid that we will use to standardize the NaOH is 
potassiiun hydrogen phthalate (KHP).. It r^cts with the -NaQB 
acob^iiig.to l^- fol^ r«aot;ion^ 




The procedure for standardizing the NaOH is to neasurce out- a. certaih- 
amount of KHP, dissolve it in water and titrate with NaOtt -to the - 
equivalence point.*: Usiiig ..the folloning relationship^ . 

you can detetviiv ttie exact; noiairity of tb^: HaOH solution. 




(Votes Your instructor will direct you on the proper t^ltrat ion 
teahnique prior to perfexiiiiig the lab. If jou have. «nr queetlo^ui - 
t»ieese .aski) . , ; -'r 

1. This lab will be conducted in pairs and written up Independently. . . 
.'jai :cielie]Mratioa ..Mst :be-:4od^^ 

2. Weigh 2 samples of approKimately 0.4 grams of eolid potassium, .v., - 
hydrogen phthalate (KHP) and dissolve each in 50 nL of deioni zed .water 
in a 200 or 250 mL Erlenmeyer. flask. Add 5r6. drops of a 0>l, % ... 
piienophthalein indioatbr solution to oImAi f l:eeh'.:aiid tlien titr atie ' the • * 
.cmlution to a faiiit-.piAk en^^int^ iJM these dal^ -jto etatiderdise 

'NaOH. .soiut^ion*: . '' ■ .'^ v; .\ " : . /■ 

: ^n ' jOtass^^. solution is standardized, determine the molarity 

VoiVan unknown hydrochloric acid solution by titrating approximately . . . 
10 ML of the unknown aoid wit^ the istahdaraiied llaOH solution. V . : 
:P^i^form. tMtt 

4. Determine the molarity of an unknown aoat^id koid- mltttion by v 
-titratiiigf ein?toxtm«^ 

Acid Base . Ti tret i5>n. Page 4 . . \ 
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phenolphthalein endpoint* P«irfdzii Inm x^llcaies with .th« 
phenplphthalttln . indicator^ 



5. Next titrate the same unknown acetic acid solution usinig methyl, 
orange as an Indicator. Perform the titration only once. 

6. Your instructor will direct the entire class to perform a pH 
titration of th«i unknown acetic acid solution using NaOH and no . ..' 

; Indibsitbri ^nM^.dNita 'frbH th|*. titr^ ftiappXi«d -to, th« . 

tflioLii. .ala#s. procttdun . f or '1^ pB '^i1trat.icm is )!• Vfoliomi. .. 

. Measure ths pH of the solution bftfoira adding titrant. 

M» Add a small volume of titrant... Stpp^ record volume added, . - ' 
iWfaiur* and record the pB. 

G*. Repeat step *'b" until within about 2.0 nL of the equivalence 
point or use voliM iiKr<M^ approximately .0.2-0.3 pH 

unit- ctiangesa. v-- 

ift. /. tHtt vl^sinlty of .'tfip ^qnivaijince poiiit, many data points are 
liukitedr fw tiMdi pll riui^^ .avofy. O.IO mli titrant is addAd. . 

^-^.V.'lhft^Ao: t|i« taking raadings (at .1^2 wSL 

itiQrwtnts}, until. «IE iftuit' 5 mli b^irOjqd .tiM AqiUvalttia* point. 



■: ■ C ■■■■ 



..» ■ 
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3'. ivha^b ia Ite ayflo^ipii jMju^ q£ tlM .unkiipini HCl solution? 



3.. lAiat is the avsrags solarity of tho unknotm acetic acid solution 



'-^ i"*. .- J ■;■ i 



7 
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4 . What is the molarity of the un}cnown acetic acid solution usin^ 
th« methyl orange indicator? Is it different than the titration 
luting -Uti^^ltenplph^^ If : ftd/ vliy? rv ■ 



5. Plot the pa titration data of the unknown acetic acid with HapH 



a. Wiat;:ijr ttie eqfiiyiilivt^ paint i^^^^^ ;:(itorlL it on idiieijgraph 



: C* V Vhat i9 the pH of the eolution at the equivalence point? J > 



-vV:4^ Miat is the effective pi] range of phenolphthalein as an - ; ' ' :■ : 
g li^aflCi^^ ... :, / .". 

: : e. What is the effective.pH range of nethyl. orange as an indicator? 




1. Draw a typical weak acid strong base titration curve« Label the 



2.-- Define equivalence point . 



What i«r tiie pH of a l.OOIi 0.1 H acetic acid solution? 



■ /" ■ 



Jb. Htiat is the pH of ttie above solution after, the addition of 500 



c. HMtt iiB the pH of ttt^ ildsb^ 



d. What is the |n>e\tlw M . 

^. of ..l.H NaOH?.^ 
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This latent image is magnified during the development process 
via a nundoe^' Qf chemical, reactions and the result is a neg^ti^ve ... 
photograph; "mie magnified iiaage on the photo paper appears bppdrslte. 
that of the real object. That is the light parts of the object 
appear dark and the dark parts of the object appear light. The: 
r«aii<m for this' is that the '^z«dub«M\ s on tlMi. pHoto^ pwipm^ is 

formed in very small, evenly dispersed particles. When light hits 
the reduced silverj the small particles diffract the light and make 
it a|q;Mar dark. OSie unexposed portion of the photo papSlf 
correspondR to the dark parts of the object. However, sinca thar*: 
is no unreduced silver particles on the unexposed photo papsr this 
region appears light. The chenisti^' of . the nsgativs; OsyslQpM^tt 
process, is^ descrihed below p.:- ^,•■■-'< . " , 

, ' : photogvephie Vapev 

The essence of photographic paper is a layer of silver hallde_ ■. 
(AgCl, AgBr, and Agl) on a clear plastic support. The silver 
halide^ principally bnmide, is a f ine .'powiler jfthd must be somehow 
fixed to the surface^ bit the plastic base. The material uaed...to bind 
thft. silver hallde to this Support nuSt be tifanspareht ''tb'aliow light 
to reach the silver hallde grains; it must be fairly rigid to 
prevent particle novement wl^lch would blur the inage; yet it must 
• hot' be brittle so' as to etraek when* the f iln is flexed v Fihally,- avid 
of utmost importance, it must allow water and solutions to penetrate 
it so that the reacting chemicals may reach the silver halide in the 
processings- --stei^ -.-"^ \ 

The material which meets all of these reguirements is the same 

as that used in fruit flavored **jello'' desserts gelatin. Gelatih; . 

is a very complex.. ai)4.. indefinite molecular structure. It is a ' 
prcitein' satierial 'Shd ' is iiade up of amino acliAiH;t^! * ..Itiese moledule.s\ erv 
typically made up of long chains of 300 to .900.; stoiss (wbec^.A « : = 
ioq->30a) as. shown in the following f igyreV . 



Vh* syinbol-lK is eOiMni ±0 repreB«n1: sotne group of bafbpii alioiis 
of unspecified length or structure. In prpteine these R griMips ihay 
contain occasional atoms of nitrogen, oi^gen, sulfur or pliioKBphorous . 
HiiB coM^bsltlon of Umm R groups Vhavia a profouhd f act: thtt - 

properties of tlie f ilA. - 1^ discttBiE!^ ahy^Of 

those effects. ".; ' ' '* ' . ■ 

,'. .Hdv let's qdnaider the prttparation of the silver halidSc which . 
nust li« rasp*iided;::ijn-tJk gelatin. ' One way to form It; iftoiild b^a^^^^^ 
react silver with; branins ta forii silver bronida according to ths 
following* 

> 3AgBr(s} (*) 

Jit' we dr^ a cHunlc of sliver into btosine liquid we will only 

form AgBr on the "outside** of the chunk. For the purpose of film, 
this ifi not an acceptable way to incorporate AgBr In the gelatini 
Recalling your solubility rulea, a better procedure would be to take 
a.BOlution of AgNOa and.pix soiis. 10)^. solution it* The reaction 

is SB follows 

AgN09<aq) + KBr(aq) ^***> AgBr(B) t KHOaCaq) (5) 

Comnercially thil procedure for making file is to take AgNOa and 
mix it with various h'allde salts (K8r, KI, KCl) in a liguld. gelatin 
at a tenperatiire of 50-eo" C for 1-2 hours. (The XI and KCl is used 
to vary filin Benaitivity and grain size.) The solution is quick 
chilled, solidified, shredded and washed to remove the KBr^ XXf and 
KCl. Finally it is remelted and spread on a film or:- photographic* 
pi0er in a ve|[y thin, and precisely unifora layer. 



_ optles 

In a typical 35 vm cancra, the iaage if focused tfhrou^. a 'lehs 
as shown in the following diagram. 




35am Caecra Bolt 
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Cawera lavift normally cbntain a" aiaphragn — a daVlea to provlda a 

circular hole of variable diamater. The diaphragm is known as 
aperture and its principle function is to control the intensity of 
light which passes through' the leiis to the film. Adjusting the 
*'f-stop" or **f-nuniber" on a caTnera lens is just making a variation 
in the aperture diameter. The f-number is equal to 



:f-nuBfe»er "B focal, length/aperture diameter (6) 

As you can see ^ for a camera with a fixed focal length, thr 
spaixerthe £-nunber the larger, the aparture diameter* The. other 
■adjustable settings on a caneir^ is the shutter spaed* : .Tha faster 
the shutter speed, the less light reaches the filia aAdI tlia slowai: 
the shutter speed, the itiore li^ht reaches the filvi. 

With our pin-hole canerafi, the optics are very simple . The 
canra has no lens, but has a pin hole which allows light to enter 
-JJA. and /e]qekiea''tha -filoi, .\' , 



'PliatasT«|khlc 




Source 
Object 
(being 

photographed) 

TO vary the amouitti^^ of ligh^' Icha^ rwuihaB .ithie iihotbgra|ttiic. pacier' 
.there are only, two cMMKtirolBi . 

-\'' ;a-«.'*-;.Sis**pf" ttip.liois..., ^ 

The specifics of hole siss and f ilM axpoanu's^ ^ 
in procedu^ - section. 

-y.'./yVtpitmXvpi^^^^ 

In bril*jc to pixkluca= a visible on an exposed filn, 

additional silver nust be deposited in the vicinity of each of the 
small silver specks that iialce up the latent image. This is brought 

Photographic developers contain chanicals that are reducing 

agents. These reducing agents readily give up electrons to Iradiiaa 
the silver ions in the silver halida to Metallic silver. '-[r- :'■ 



Phptogi;ap^ 



;.'• - < Wiat sort, of materials can sarve as dotvaloping agentis? A 
'Ibgieai 'guess would be stM othair iwtAl MO^ than silvi^r . ' ' A 

metal that is "more active*' is one thati' can give up its electrons 
jaore readily than silver (i.e., has a higher oxidation potential). 
Kexbuzy is an example. It is slightly more active tlion silVttr^ and 
•b halicte as th» following equatibn ab^^ 

'fc-'t.--^'"".- ■ ■■^■<^> + '^^rimy ~"> v_ V {yy ''.]-'.. 

Qrbnlila; im' Jwtv a speciatibr. ion. aikl it' r9R»ins .unctiahge^-. 
through ■ ;(th« proNeass • ; 

/ > wrice was uaea as «^^^^ in just: tuis 

manner. Its effects were discovered quite accidentally by Daguerre 
In 1835. Daguerre prepared silver iodide emulsions, «3£posed thent in 
a oanara and t|iea vtorad tb^ aJfpoaed plataa near some spilled 
Maroufy frclM. a broiken tl^aiziDbaeter.. Tha. K««Ul-t. vas that the. aieroury 
d^eloped his exiwMBad' filn (bbnta^ a :iat«nt -ittage) itito ai. 
visible image. TtMS a photographs' 
''daguerrotypes.*' 

The reducing agents in developers in use today are all organic, 
compounds soluble in water. In solution the molecules have the 
necessary nobility to get in contact with the insoluble silver 
halide in order to reduce the silver in the film emulsion. The most 
widely used reducing agent In photography today is hydroquinone .-. 
CeH4(0H}z- Hydroquinone is a wealt acid, that dissociates, according . 
to. the following reaction: 




Since this equilibrium lies far to the left we must add a 
chranical in order to ** activate** hydroquinone. The chemical which 
activates hydroquinone is hydroxide. 'Hhen a base is added the 
hydrcn^ids rSacjtS : With,, the two prot<M|B bn hydroqui^iione to Cpm the 



■■ . . ... ' 



diaiiion . of li^veqtti;Qi3pw'^.» 



. -■ :■; ^ir-'v- ■ '■ 




+ 200^ 



■ -I 



OH 

< hydroquliiMM) 




(hydroquineiMi.^l^Alanll- '.' ' . 




In the presence of A9'^«l II acts as a reducing agen^ and 





* .19>(^Ation half raacjtlw) 
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(10) 



i^:*(a^ -+:>;':~^^ (reduction half 



A . . . ■ 



Thus .th« overall reaotion isi 




> 




+ 2A»Cs> 



(12) 
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the development reaction. Why Is it that the reduction of silver in 
the emulsion occurs only in the vicinity of the silver particles of 
the latent image? Why aren't all the eilver ions reduced? Tlie 
answer to this question is that the rate of reaction of the silver 
near the latent Image is icuch greater than the rate of reaction of 
silver net near the latent image. The developer can and will reduce 
all the silver ions in the ^ila and if development is extended for 
too long a tine the entire enulsion will turn black. The reason we 
can use the development reaction to produce an image is that 
reduction occurs faster near the silver particles. So we can 
develop a fila or print until the image sufficiently darkens, but 
stop th-a development before the slower reacting silver hallde is 
reduced. The silver metal of the latent image acts as a catalyst 
for reduction of t^ tfilver ions with vhich it is in contaat. 
Chemical developmmt itovi;|d not bs possible if it wsrw not for this 
catalyst. 

Ste^ Bath 

When the development process is completed - that is when 
sufficient silver has been reduced to give the desired image density 
- the fill! is placed into a mt^ bath. Ifce purpose of th* stop bath 
is to prevent any further reduction Of silver ions. Since the 
developer solution is only activated at pH ranges above 7« then one 
way to stop the development process is to "wash* the film in an' 
acidic bath and in so doing shift the equilibrium of the develitoer 
solution from quinone to hydroquinone. 
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By adding acid, the H* will react with the excess OH" in the 
developer to fota water. Since tlierv 1« no hydroxide to "activate** 
the bydroguingwr devalopnsnt can not 'ooour. 

-"tliger 

A**»r the reaction Is stopped, we are left with a eilver iinagf* 
superimposed on a background of pale yellow silver halide. This 
silver halide which was not reduced in development must be removed 
by the fixin^r process. If not, a print wonld ultiwately darken due 
to gradual reduction of more silver from exposure to light. Fixing ■ 
is a process by which the renaihing insoluble silver halide is 
lOonverted to a soluble Material which can be. washed out of the 
emulsion. A great many substances, both negative ions and neutral 
nolecules, have since been found which will complex silver ions. 
Ajnmonia, for exanjpie, is a molecule that ■ can dissolve silver 
chloride by bonding to it Zq produce « cpnplax positive ion. 

A^(8) + 2ini3(aq) -»> A9(l|B,)2*(aq) + Cl-(aq) (13) 

The materials ttomonly used in pliotographic fixing solutions 
today are salts containing the thiosulfat© ion SjO,^-, The fixer 
used in this lab is anmonium thiosulfate or (NH^) 22203. The fixing 
action Of thiosulfate <m sHvar broiiide is as follows 1 

AgBr(s) 4 SSsOs'^Caq) > Ag(S zO, J ? ^ - (aq) + Br" (14) 

Thiosulfate dissolves the silver bromide and the amKvnium ion can 
dlMolve the silver chlcirias. 

AgCl(s) + 2MH4*(aq) > AgdMs) 3" <aq> + 2H^ (aq) + Cl-(aq} (IS) 

Developing, stopping, and fixing are the three sequential steps 
that must be performed in the standard processing of all blacX and 
i^ite photographic materials. Fol loving these three steps it is 
tiacessary to thoroughly rinse a film or print before drying, if any 
thio^lfate is left In the emulsion the image will not be permanent. 
Excess thiosulfate in the enuislon will. turn, the photo yellow and 
eventually cause the image to fade. . t 

9i^*KmMX_ Vco^aasiBff- 

In order to obtain a positive image, the reversal process' Is 
used« Reqail that the latent image is made of reduced silver and 
appears dark/ «ven though that it represents the ••light" part of the 
object. The unreduced silver on the photo paper appears liglit and 
represents the "dark" part of the object, in order to reverse this, 
the latent image is bleached and washed out/'and til* unreduced 
silver is exposed to light. This produces a phOtO in Whieb. lil^t; 
parts appear ligbt and darJc parts appear dark- : ^ 

Tha prqcHSdure for this is quite simple. The photo paper is placed 
;.into thid developer and left there until the latent image is formed. 

paper is then placed into a bleach bath of potassium dichromata 
^ to oxidize ^tha silver from ^Jie latent image. The photographic paper 
""^ii washed to rjirmiDve the bleach and the dissolved (oxidized] silver, 
and then exposed to light so the remaining silver halide forms the : 
positive latent image. The photo paper is then developed^ washed, : 
'rritisad.-'ahd~''dri^. ■ ■ 



!• Build a pin hole camera - Tf you have any questions atoout the 
cjonstz-uctioxit see your instructor. Cut a I cis x 1 cm hole in the 
«lde of 4:he bdx^ On th« inside of th« box, -tap« a piece of aluninuv 
foil over the hole, with a paper clip punch a hole (the smallest 
hole possible) in the coil, on the outside of the box, cover the 
hole with electrloel tape. Under- eaftt light oonditidne, insert the 
photographic paper into youz: box and tape it against the inside of 
the box directly opposite the pin hale. Tape the box shut so that 
it is light tight. 

2. Expose the paper to your subject for approxinately i second (on 
a sunny day) and for 3-5 seconds (on a cloudy day). The eun nust be 
to your bscX to avoid overexposing the paper. 

3. Under safelight conditions, develop your photographic paper. For 
negative processing, place the paper into the developer. Gently 
agitate the paper vhile It is siifaaerged in the developers When your 
itaage begins to appear remove the paper* SoTne development will occur 
after the paper has been removed from the developer. When the image 
is developed, place the paper in the acid stop bath for about, i 
minute. Next, place the paper in the annoniun thiosulfate {JiHt) 3S2O3 
fikms for abdut e ninete. Rinse the paper eoajpletely with tap water 
and ailow to dryi 

4« For reversal processing, place the paper in the developer- 
Gently agitate the paper while It is submerged in the developer and 
slightly overdevelop your i&age. Place the paper in the K^cr-jO? 
bleaching solution. Your image will disappear as all of the 
metallic Ag is dissolved. Rinse your paper .and turn on the lights* 
Plates the paper badk into tbs dsvslepsr and the positive isaga vill 
an^r« Rinse tlis paper cdapistsly and allotf to dry. 
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1. Ntuilt 1* tbs pB of a 0-1 H bydroqaimmtt ■olutioh (Ka » 4.S x 
X0-")7 



a.' 'Mutti "aotlyaitM" liydroqaiiiovM to tw a dovolc^ing solv1;ion7 



3. Typically hydroquinone is placed in Na2C03 buffer solution. 
What is the pH of a buffor solution containing 0.15 M NazCO^ and 
0.10 H HjCOg? If tho effective pH rang* for hydroquincne 
development solution ie 11.0 or greater , would the above buffer be 
eaeq^ate? 



4. For iir~ to be oxidised to Br require* a phdrtori with an energy of 

at least 2-58 x 10^' J. What wavelength of electromagnetic 
radiation does this correspond? If the safeli^ht emits in the red 
vetflm at 750 n,. would the Mifellglit effeot the photo paper? 



5. During negative processing, why aAist photo paper be placed in 



i - - N ' 



motograpfaY IQ 
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6a. Given tlwt XAQ+J i* 0,0035 K in a 4 litftrs of spent fixing 
iwltttionf. Itpir'M 9rimm eJC silvftr is in thm solution? 



tSeOM ICib aolutlOD to 



7« Explain why the developer redwaitti aiiivsr 
and not in the unexposed areas. 
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. 0a. Potassium dlchronat« is used to blsach out (oxidize) the silv«r :. 
■ Crow th« latent image in reversal proqaasing. ^Tha following 
'■.•:Tii^ptm'mtM'.Vbm ovarall unilia]:Biit>ad x«a«ix aquaticm*'- . Balnnpa. ttw 



; VMh. tlw blaacshlng a6Itttiett b«p«aia» ^tMk** a sull anoniit of 



- . I - 



.10. Attach your photo to tlje lab* : HhA COlild >pu haVB doiw jfhjpr^^ 
^ . thia lab to uqirove your photo? 



r.^.l'^^HO^ '4o«|» li^t/«xp09« l>ltck:.rdnd^^^ phbto paper? (Ihclucte/ 



1 ■■■ *■ . 



3; .Hhy does reduced silver appear black on photo papsr? 



3. If Br 'was oxidized to Br 2. instead of ju9t^jB|7> wtiat' ^fec^t .,ai . 
that have on the fornation of latent image* '. • -'.t ^' 



... "V V- j/- ... 



' .■■ ■ 



J ■ ■ 



4!;;.; ■ imy is geiatUa M^dAM Mueiii fen: silver hialide? 



5,' lAiy is acetic acid nbM^^^^^^l^ stop j>Rttl? 



■ . ■, _ ... v-v ■. . - •„ . 
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QDIU.XTATXTB ANALYSIS . 

: : ■ iwnwgycaCTioii or chemicai* c omp q Im wM 
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Qualitative aiialysis is the process of id«ntifyin9. th« eontenib . . 
of a saaple with regard to the ohemical species present. Ho 
\ Bssessmeht of the amount of the chemicals present is required. 

This lat» is the culmination of your chemistry experience for the ■. 
. . 8iBiBester« You have learned about chemical reactions and the behavior 
■ of chemical specleSr the properties of solutions, complex ions, and 

solids. Now you must integrate all these concepts, selectively using ; 
- ttiRCh tool of knowledge to analyze qualitatively unknown chemical. . ■ . 

■ SSlQillSSa ^ ' . ' . 

\: OBJSCTlVEfl 

Xour- goal in this lab is to successfully identify the cation and 
separate nhknownB. You will do this in two parts. The 
first part of the lab consists of creating a "reaction matrix" by 
mixing, known chemicals and observing and recording the product of any 
. raacttidn. Irt the second part, yoii will identify the unknowns. You 
will be required to perform the second part without any collaboration . 
from any source except your written notes from your reaction matrix,- 
your kndwlsdgs of ..eiisiiistry, ahd this laboratoi^ handout* 

- ■ THBomy. ■■ 

Ions in solution (whether cation or anion) have distinctive 
. properties, which allow them to be identified by controlling the 
experimsiktal donditlofisy eer^ 

solubility product COTistant, Ksp, of any resulting Species formed. 
:t>thers may undergo oxidation-reduction reactions that produce gases 

(VisiblS as todttblte in : solution) or' tihangaS in color of the solution* . 

Seine Ions form complex ions with distinctive colors. Finally, SOipS; 
: ions react with the vateir to result in either basic or acidic 

solutions.' toil Kavs obiss^vtid sll those chemical chasrsctsristioK. iti '-. 
■ : previous isbs ahd .Ss dsnwiiwtrstlQM during .this ssasstiu*; 

Salts are confounds that are made from cations and anions. In 
'. solution, these ions dissociate into individual species that possess 
unique characteristics. Firsts lot's practice with the ions produced .: 
1^ salts. Below is a tablo. of slx salts and ths:rWttIti.Dg loBS - - 
. ^odnood. ■ CcM^loto tbA ItjiaU by filling ii| thS: blahksi -. 




Salt . 




Anions 












I- 


' t 






2i>» 







ReaMBber that an ion vay liav« various oxidation statas, but tha 
ovarttll tibargtt OB tliA Miiiral aal^ mat eqiiAl 

■ A provan way of approaching this problaa is to first identify 
tha cswbian ilk' M uitio^ raa9«llts Will ba pinpvidad 

that give distinctive Infomation about the cation, Thay ara 
amDoniuB hydroxida, hydroc^oric acidi sodium bydroxida. aild ^ 
poteSfliiuB pansaiiganat*. ohba tlie datlon is poSlti-¥aly identifiatl^ 
th« anion Ib identified by perfomlng similar tests* You will also 
use twelve different salts that contain all the cations you will see 
in tha -unlEnbiRia, Reacting tha salts togathar prbvidM a data baati'.pf 
observation to correctly Identify the cation. It ia..ormial..tha1; yvM' 
record detailed o]|>8ervations of the salt reactiT^ns* 

An plawious fact that is often overlooked is that the sample 
cospound. Must be water soluble. If not, you would observe a solid in 
your ipiluicMini. Using ^te/ pnlubility ralai haifrpws. ybui^ iivvsatigation : 
by • raduciiig/tlMa ; raagv.-pf .i^^ 

■■■-..'"■■^ Bikpla iaMT^m 

Let's work through a sanple quaU,itative ana^.ysis. Our unknown 
is a claar, celoirlass liquid* Hixing vitlt a .dr6|> of hydrochloric ' 
acid gives a white precipitate, as does Mixing with a drop of sodiun 
hydroxide and amoDniuB hydroxide. Potassiu ; permanganate produces no 
obMrvabla clii^iga.'' 

■ A positive reaction with hydrochloric acid may indicate tha. . . 
p£«setiea of a basaf but odr uhkhcMh aiso^ ^^^^ with tha ^ba^as 'sodili^^ 
hydroxide and ammonium hydroxide* Since a whita. prablplt^ta.- formSf: . 
let's refer to the solubility rules for help^. 

•■■Oi*alitatlW.Jtoalysis:<: ■ ■ - -Paga-a:"-.''- \,, 



ttOtS li - All ai^riMMii (IIQ«''> «M soliibM. 

Our tusknqwn is soluble - it nay be a nitrate. However, none of 
the preci^titMrtonMd ar« nitrate 

RULE 2: All ohlorldes, ^ro«ide«f ud iodides are soluble excBvr 
those of sUm^ Bnaueyizi; and iMd. : O^^pas .lpdid* ia also: 

Our unknown could be one of the soluble halidea* But, the - 
addition of chloride (froa the HCl) resulted in formation of a 
precipitate. Thus, pur cation is either . silver, nercury^i. or lead, 

RITLB 31 All sulfates (804^-) are soluble except lead, strontiun, ' 
bariuB, calciua, and aezouryCll) • Silvar sulfate is. sparlnoly 
-:BOlttbia», ^, ■ 

pur unknown could again be a solubljs sulfate. However, since ve 
have allMi^- liaitad cknt .cdidioa..Of oatio^ tp silver, aercury (l) and: 
4aM/ wa--;oaa.-'|n^ luad anlfaWiai^; .^^rob^ sulfate*. 

V(<^.4*"^;^aCT>-l»i»lybla;..a» da p tha -alkali' Jiatais aiiiT iaanirriiai 

Li'ttle: hara eke^^ that the . catiai cxodld be an jiilca%l weiti.ai' or 
. uMiiius -but. jfs ' 

-ftuti-si- ' Mi-"lirfiiiN>^ idrV^atta-iialfiuUa':(0^-'i'-aaM'^^^ 
the alkali aetals and aaaoniua. Caleiua aaA.lwnvk snlfiitaB^: 
hydrolyia ia. aatar to fom hydraaidaa. V. 

Our unknown formed a solid with hydroxide (NH4OH and kiiPK)r. 
Once again, the cation cannot be an alkali metal or amoniua;:: /^ ' ;/ ~ 

Based on these tests, we have narrowed our cation to thr^e 
possible ionss lead/ silver, and mercury (X) . we need more data.. ;: 

By reacting this unknown with our four other unknowns, we can 
build a saaller reaction matrix similar, to the one you will build in 
i%rt' ft. - -Nov tha detailed dbaarvatidha of that reacrtibh ftatiirix are . 
used. We notice that one of the reactions Is similar to that between 
sodium iodide and lead(ll) niteate, forming the yellow precipitate/ . 
Xaad (XI) iodide. Sinolit iaardary lit nott i 

natrix, we eliminate it as a pOBsibility. Silver does not give a 
yallov precipitate with iodide* . We now can assign oua: ^irst cation 



... Haying identified our pation aa ^'tr. va.now pjursua. the anicn.^^^^^ 



Using a si»li«r ncthed o£ deductive reasoning and elimination, the 
;«riioh ii.l^Mditifie^ Jlpiv (It is ths only anioli In tba. 

In the fiiciitr piurt of this lab you'll develop a reaction matrix 
by reacting seiv^iil salt solutions with four standard reagents (the 
i»tpoiK flbl^utlem) s HClf HirOH, Mtt^OHr iin^ imo4. . YOii'Il also rsaot 
eaoli .Wlt iol^ with; alj.^ pirn ^btiwr salt; WQliitianm'* 

' 1. Place 13 ' drops of aaeh stoek solution on' the acetate ' 

reaction surface. You should lay out these solutions to roiniic the . 
Reaction Matrix on page. .7, naJcing the collection of data easier* 

2. Add one drop of each salt solution to a separate drop of 
stock solution* Carefully record your observations on the Reaction 
Hai^iir. Pay careful atlbiStioii tO color, general appearance, .relaot ion 
tioies, bubbles, etc. You will use only observatiiMis for 
doternlnation of the unknowns in Fart B. , 

3. How conplete the Keaction Matrix by reacting one drop' of • 
each salt with a drop of all the other salts. Again, carefully! 
oi^»oryo and -tAobrtf any changes that^ o 

''''■'4,> For each slxture which reacts^ you should be able to 
identify tOiat obcii^rod* Fof iexattple, wixlng AgHO^ aiid MaCl pxodncas^^ 
a white precipitatei you should be able to identify the pf ec^ipittt* ^ 
Vas AgCl. Silver chloride should f om when any aoluble silver :'\ 
coMpiraQd and soluble cdilorid* ^ampOfi^vA Mixed- Identify nabt ion 
prodiicta oh tlw Roacticm ibK^ix l^iMmwr p9Mfl|>^<* 

5> asing ia oliailaor Mth<^lo^ 

any precipitation reactions that are not predicted, or expected, 
. using the solubility rules. Carefully look over your Reaction 
ii&tt'ijri ■ .Mot#.b«X4^^ prTOipitaftibA E^ai^f^^ 

■: ruiMAwjuid -lie*, 




/.■ Qualitatiw'A^lySis; y ';^ ; ' Pag* ^4 



6* Now Chock the table for any precipitation reaction that you 
licvald livva pro^ioted bftae4 "cmi Um solvd^ that did xiiDt . 

occur. Record thrae beloW (iihotr tlM •a^fot^d .pr«cipitattt a> w«ll . km 
ra&ctantB) : ■ ■■ ' V 



7m : Aftttr naking. all <d>servatiarM, clean your reaction surface 
uid .rwtam tha aalt . aoXutipns. tb tbalt appropriate trays* Keep the 
f<Kir iftopk ■blutioaiiB. 

p« iMtlTzvicwndN'ov' iniKMOMirs 

%'m Ask ypur inatructor for your fiye unknown, solutions. 

a. From this Qonent fpTvard, you are not allowed any 
collat>oratlon with any aourca. Do not talk to your classmates/ Do 
h6t <^tfalt any tttktbbdka or notes except those you have written in 
this lab handout. Your instructor will discuss the chemistry of 
reactions of compounds, but will not be. able to answer any queations 
; ofiiioarning identifying the unknowns. 

b* Your unknowns are not necessarily the sane salts as you 
used in Part A. However, only the ions in Fart A are contained in 
these uAScnowns. making 9 possible cations (Al^*, Ba^*, CU^"*, Fe*"^^. 
Fe^", Pb'", Hn^^, Ag*, Ha^) and 5 possible anions im%'t SO*^', 
CO,z^', CI', and I"). 

c. Hake initial observation concerning these five unknowns.* 
Record the numbers on each microburet which identifies the unknown on 
the Unknown Reaction Matrix (pg 8) . Carefully record below the . 
. physical ohairaoterimtias your unknowns (oolor, presence of . 
precipitate^ •*«».■).».■■ ■.■-. 

J ■:uiiKHowii. #1: ' ■ 

lllUUMJHH .#2^ . 
UNKNOHN #3S 



2 • React each unknown with the four stock solttbions and rsoord 
any observations on the Unknown Reaction Matrix. 

3, React the five unknowns together, again- Moording ' your - 
pbsarvations on the unknown Reaction Matrix* 

4, Using the data you gathered in the flrat part, your 
knowladge of chenisti^, solubility rulect^ «to*> Identify the ions 
p^Mit .i^ yibttr iirde^^ unkzkiim"oent«ins only om eationjand 
cnia. aiii,bii« . .. 

a* tlh^ll Ask yourself if the conbination of ions is 
reasonable. For exai^le, could AgCl be one of your unknown 
solutions? A quick vevlfw of the solubility, rules will answer this 
.Ime. 

. b*. RBLJpCli Use a process of elinination. to narrow your 
pdssible ions. 

Your analysis and identification of the five unknotms (ten total 
ions) mist be completed prior to the end of the laboratory period. 
Your grade for this lab will be based on correctly identifying the 
ten unlmown ions, each worth ten points (100 points total for the 
lab) i VtQ OSm -Wmii U RBQU^RBD. ^ 




fiCACfiON MATRIX (PART A) 
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' -fte nay ask four basic questlpM ' about a ch«i'lc«l prooesa. 

First, is the reaction spontaneous? Ti.itirmodynamtcs allows us to 
determine the conditions under which spontaneity occurs. Second/ 
hoiir f aat wil2 tha reaction prbcsead? Third, vrtiat is tha "aaquanca" 
of forming the products? Chemical kinetics provides answers to how 
fast and gives insight to the reaction mechanism. Lastly,, how far 
%rill ths rsacticm go bafbra raa^lng a stats <»f squilibrium? study 
of the equilibrium constant, K, , , may answer tnis question. You 
have studied therraodynamica and aquililsxia in previous iah&. Now 
lat^s take a look, at ths Uinettes of a reaotlbn. 

. KinsticB is important because it allows us to determine the 
rata of tlis rsaction. ExparliMnts hava abowii that Ui« rata of a 

chemical reaction is dependent on several factors. The four most 
important ares (1) nature of the reactants, (2) concentration of the 
.reactants, (3) taopparatujrji, and (4) catalysts^ 

The purpose of this experiment is to examine the effects of 
these factors on' a bhanidal raaotlon. Iii tha first ttxperlmant, ypd 
will observe the effects of concentration by reacting various 
concentrations of hydrochloric acid with zinc and aluminum metal; • 
TO cdMerva the aftaot.'df toii^^ you will: rtiptiiat . the 

•xparJjtants on iott .cqtfM*. 

In tha second part of the lab, you Will study, tha rakotipn of 
hydrogan pairoaclda aik^ JUDdlda.ih acidic solutions - 

HaOj + 2rt* + 31- ^It^ + MlaO - (1) 

You will observe tha affects of the change of reactant 
conDentrstions to determine the rate law of the reaction* From th» . 
rate law, we will make predictions cbhbetning idke ttaohanisB . by .which 
the products are formed* 



He can quant itatiirU.y express the rate of a readtim in terins 
of rates of change in concentration of the chemical species present 
in the reaction* This change is either written in terms of the 
diaappmarancm of a reaecaat: or the appearance of a product. For 
example, the famous reaction of A and B to form c could have the 
rate expressed three ways* Two of these ways are: , / 



KinitticB Page 1 




.. A * n 

ratft of dtsftppMranee - . -AfAj . : -dtAl \ 
-..of-A At/-" . ■ 

;-.bf,tf-\' At. ■ 

For aoBt cheaical reactions, the individual chettibel eteps 

that nake up the nechanien of the reaction cannot be observed. The 
mechanlam is really a theory about what occurs step-by-step as the 
reactants are converted to produots. thm sleiMst st^ in e resotion 

Factors vbich affect the rate of rieacticKi iive explained by thii 
collision theory. The collision theory eieply states that f or e 
reaction to occur, the species »ust collide with enough kinetic 
energy Mid In the cotMOt orleAtatlon* By .increasing the. 
concentration of the reactants, you increase the nunber of 
collisions. You can Increase the misber of collisions by Increasing 
the -surf ace area of a eolid.:.rteotaiit and Inoreasljrig teApet-atur«. 
Increasing the teaperaturii Of the reaction also Increases the 
kinetic energy of the colllilioa. The reactants »ust have the proper 
orientation for an af;ee0tiv« dbilislon. I9bls £• nsoossary to break 
-<ixist4SKl .bonds iw^ toem* _ [ 

Let's look at the rsAOtion of hydrogen peroaclda aiid iodide in 
aqueous solution to produce Ti v. Vnn 6»r diseossiflin above, .the ' 
^^ate nay be expressed est- 



■ ■.. ■■■3- dfc ■' 



- .1 itSll 



The rate law for the appearonoe of products is s 



y/bmtm y, and a this zsaotlia.'ozdsn «nd:=k im titis rats 

^OtiStSttt. 



.1 
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Expr«.B«ing ttie r»te by aaakuriiig the formation of products results 

ins - ■ ■ 

dt ■ 2 '. 4t 

Combining theso two oxproMibiis gives us the general rate /law for. 
reaction (1): 



dt 

Klng'^^ describes two possible reaction mechanism* The first 
mechanism is dependent on and is described by 



(2) 



(3) fa«t 



WOH,* > I* «• H,0 -I- HOI 
• k-1 * 



HOZ f H* ' HjOI 



HjOI + I" -» HjO + 



(4) slow 

(5) fut 

(6) fast 



Recall that the rate determining step is the slow step in the 
nechanistn. The reacting ■piecias are obtained from the slowest step, 
but the rate law may be eakjEHTSsmed only in terms of the overall 
r^aotants. Based on tliiB ■eohaiiistio pathy iiiiat is- thck, rate law for- 
■tAa raaetion? 




(1) King, E. L.- -Mae chemical 
pp 80-83, 1963. . 



, ..H. Ben^^in Inc., 
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Another possible mechanism for thie rtfpotlcii dp^P not involvo H' 
This mechanism can be described by: 



HOI -I- H* . 



^ON' -f^ HOI 



I.- 



<12> «lcnr 

(13) fast 

(14) fut 

(15) fut 
(IS) fa«t 



Based on this xieaction path, what Is the rate law expression for the 

rvBOtloss?- 




Notice that the first reaction aechanisn results in a rat« lav that 
ii d«p«iid«ht CH*]* A iitraightfdiiiitd imy "fcb. datnalna which 
mechanism is valid would be to do several reactions while changing 
the acidity oC .the solution. If zio change in the rate occurs, we 
imotfvthkt the riatai itf independent Of tH*] (Y " 0 f^^9»<ttimi 2) 

'M: In order to visualize the reaction, you must think about the . 
laoiiaoular IritftraiTtio^ Pet' aaeAmplb, when the iodide ibn i^ctk ' 

llrjlih the peroxide in acidic solution^ equations y:.and.4>. th*^^- - \ 
sequence of reacti<nis might appear as follows: 



1 '.. 



- ' f - . 
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1S8 



/ 




O 



H 

so— O- - H 
I " 
"I - 



fast 




Blow. 



H 

■ . 



fast 



H— Q: 



I 



H 



fast 



:l: It 



fut 



What is ths rate law for the reaction? 



' r ^^ Remember, the rata of a rasotion is affected not only by the 
concentration of the raactante but also by the orientation of the 
molecules and their kinetic energy. The orientation and spatial, 
i relationship of the iMilaoales are Siasiw to vlsaaliss If ypti ^ 



■V'- ■ .■ :'f 
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9mm 

, 1* this experiment you will need ^tlunlnum foil and zinc. 

First, pl&ce four squares of zinc and four squarss of aluininurii on ' 
the reaction surface. Place five to ten drops of o.Ol M HCl on one 
square of zinc, five to ten drops of 0-1 H HCl on the second square, 
five to ten drops of 1.0 X HCl on -the thlzd, and f iva tb ten dtbps 
of 6,0 M HCl on the last square of zinc. Repeat for the aluminUinV 
Record your observations belov. Include a description of the 
r9aq|tl0n and tiamM trdm addttion yof iM to first observable 



2. Repeat the above expefinent but add ottii dr6p of CurNOs) s 
to the HCl (place tbo HCl on ttio no^l firpt) . RwsozS ydUr 
ObMrvations* 



CU(H03)7/ 
6^0 H HCl 

1. 0 H HCl ; 

:;oa-#^;: 

o ; o i ic iMn 



Cu<N03}2 aot mm a catalyst? CRewiiber a catalyst vust increase 



■:..■-> .."."-1', 



3. How place the loetals on an ice cube and repeat ttam £irst series 
pC e3cp«riuiani:Et(:irit)wut tlw Cn^ Record your observatioiui l>elov. 

.". Zinc . Aluminum. 

-i.o.'ii.iici.^- 

0.1 K HCl 
:0.01 M,HC1. 

A, xntroduotory Traoeduree 

1, You will use the di9ltal volt-ohs meter (d-VOM) for this 
part of the es^erlment. If you have any questions regarding the use 
6t tii»-:d=i-VQHf jMdc 3^ Vbe inrocedux^ t6 aet the : 

A-VCm tor tamm Lms 

^ia« - Turn the uain^it^ to di^ 

b. Press the oval button until "ka" 1& disiplayed*' - 

c. Plug the BIACK lead intd thie hol# iiiarlGod Plug 
the RED lead into th# hole narked V. 

Connect the leads to the cadiaiuin sulfide (CdS) photoelectric cell. 
The Cd3 Cell is encased in a plastic support, and the support 
Invartvd into bne of : ib« vills bf a w eeill li^ray^ The itop of the i 
cell will be usad.4* y<>yr 
as posaibie. 

2* The CdS cell responds to changes in light intensity with a 
change in resistance. It is Iptpoztaat that the aaouat o( light 
reaa liag tlia 9mlt rmmin conatiiBt ' tagbogheat tha eacfrerlaeht . 

a. Place your hand over the CdS cell. Did the resistance 
'.dtocr«aM-6r incraaaa?'' 

.;:r: . This is siailar to what ooeurs as the concentration 
. y iiteMuas. T^ in rMisi^hOe iii directly related . 

to the change in concentration (rate of formation) of I3". 
' Ifl" i» a yellov. species which absorbs light, reducing the ;. 
: ancnmt Of ligffit zttabhing the CdS cell. You must be very 
careful in controlling the drop sixe of your reaetaats, 
: . ffhi.l4 the rate law is dependent on the concentration of ■ 

'-;thm ^rmatiimtu, the photoelectric cell is reacting to the : 
--v: m ;0'f'i'Ai<^1S' ^i<^ rphc^iiiM:- tlia.. oail^vy ;The';9n|a . 

: .. Kinetics Page 7 
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di»t>th of tUe reaction - solution, the lower the 
tfAnsmittance . This phenomenon is described by Beer ' b 
Law. This law states that the light transmitted through a 
solution decreases as the concentration of light absorbing, 
material., in the «olution incrMUWs* He wiXI aacpresB this 
as: ■■' ■ 



: idiere A is the ebsorbance of the solution, c is a constant 
. known as the solar absorptivity, I is the effective path 
length that the light travels through the solution, and 
[XJ is'the oonoentration of the light absorbing material* 
Yott can hdv the drop aise will effect t. 

.a^}'-iN»iieniiMtim of ■ffeet' of 'Mld cmaantTiiti.eki . .. 

1. Place one drop of 1 H HzOj, two drops of buffer pH 1, and 
one drop 2 H Hal on top of the photoelectrlo Cell. Add th* Mai last 
and record the initital resistance reading. Continue to record the 
resistance every 15 seconds for 5 ninutes* 




2. lEeipeat this experlvettt but use.tl^ buffte. I« 3 ^^th the 1 k: ^ . . 

'^v:V-"'lli6;2 -;f«Ml^-» H-NeZ- , aaoord your resulte*' 
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3. Again, repeat this experiment but use th^ buffer pa -6 with- " ■ 
the 1 M H2O2 and 2 H Nal. Record ygur results. 




; v'q^y"-liiiu*l-Wit<i-I^^ ''- 

!• In class, we have discussed using the initial r^te method 
; ■ to determine the rate lav from experimentally measured data* - PeVi^e V : 
V an. experiment in which you can determine the rate law by varying the 
: eoneentratibns of Kal and HjOz- Use the buffer pH 6 for each 

experiment. The table below is probably a good starting point. You 
. . mist dater»ine the rate ttom t^m data ycm qolX«ipt* 



... Triel Kua^ ' -1^^ Initial Drops Initial Drops Hate of ; 

fla^a tHjOj,] Ha; [Jlal] pH6 Formatlpn 




Kinetics 



1. Graph time vs. resistance for the l M H2O2, 2 M Nal and buffer 
with pHm 1, 3f and 6, Place these graphs on the Bsam graph paper. 
: U«tt :tff Hh be very helpful here. 

a. What do these graphs teXX you about the effect of acid 
oh the irate o£ reaction of iodide with hydrogen 



b. Write the rate law for this reaction based on vheth^eir path/ 
1 or path 2 ia supported by your data: 



:2',w: Graph tine vs. resistance for the three experiments ycu 
mnduoted in the Initial Rats section of the lab. You nay aiep 
■V'l^iiM-:tbitimk graph paper- 



3i Miat ii tM lnltiid rate of each trial in question 2. You may 
detemine this from your graphs by taking the slope of your cuxve at 
tiiae - O (use .only the first few data points) . Recall that the rate 
ot: tihks^ resistanoe is equal to the rate of change 



-'. !"*-' - J" 
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4. Using the inital rate data, determine the orcter ot each reactant 
in your rate IMr tor the reaction br sodiun idaide^^s^ 
peroxide* Write rt^ law: 



5. Ikkteraine the rate c^netant for the sate lew. oee the rate 
' e^qprpeeioii ' -deyeipped ' alMve • 



.1 
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1. Using Lowla structures^ dew a p<w8ible;'rea(H:ioh for nfiOhanisin 



2> WMt color is ttim I|' ioii?: 



3 . Write a ii»al«nped vvdagc. equatibyt f or tlMS c^Mstion of w^stnl 



'4.- Ac36ording . to tha ColXiBlon Thaory, vhat tvo conditicms must be 
»*t' 'for raiiticiiii^tbi 



----- . 



5^ W^t ia t^a 



r«|te law f pjr ttaa Co;ilpiKiiig x^action 
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Equations 2 and 3 show what: happened. The electrons lost from 
copper aire used by Ag*** ions 1;6.::foni silver aetal while Cu't goes 
inte jMltttlon. flgii>lp<a 8hov9 a; voI);3iic c«tl-l using, these ifeactions^ 

He use a standard notation to d«tsbtii^Ngidvjuiic cellar F<»r t^ 
0SllK.>\tliis^notatlon -iss'f.: 



CuU) / Ou'^aq) II Ag*(»q) / A«(s} 



9h« slashed linAs represent pt^mm tiipMiita Xin0^ 
represent half cell bounds rlMV )^ ooinvshtionf thf anods (oxidation 
reaction) is written first- ■ 



(anode) 




■V- -Acdording to equation ''l-f- thtavciii* wital:' ibs#s--*lectr€ins--' ■■ 
(oxidation] fonaing Cu'^ lona. These "lost** electrons travel 
through the wire to the .Ag netal , and combine with the Ag*^ ions 
(iNiidllotibh) in solution/ Uid Ag is platoid'' but bn ths J^ 
The salt bridge coepletes the circuit by allowing Inert ions such tis^ 
Ha* and NO^' to travel through the salt bridge and maintain 
'lobiid-^utrality of the solution* - liithout 'il: salt bridg«v n^ 
can flow because as Ag*" iona leave solution the remaining solution 
will have too many negatively charged nitrato i^ns, NOj', left. By 
^intercepting" tbtt f loir of »l.ectrcinii ^sidte' «»f the boll/ W bah uso. 
them to drive a motor and produce work: or light a lamp or power a 
calculator. This will cause a pp«itiye deflection on a voltmeter, 
<i)4r'lfying currmt flow as shown abovs; dxldetibii ocburb-at the 
anoda, reduction at the cathode. An easy way to remember this: both 
oxidation and anode. ls«|3in vlt}i vowels while reduction and cathode / 



A'- 
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An electrolytic cell ift slnilar to a gaivanla call/ but Instead 

Qf obtaining electrical c^nergy frotn spontaneous reactions, an 
electric source is attached to the electrodes "forcing" electrons to 
xBove in the oppoelte direction. Thus a non-spontaneons reaction can 
be forced to occur by supplying electrical current, some uses of 
electrolytic cells include electroplating metals onto other metals, 
refining or purifying metals, charging "rechar9[«a]a>l«** batteriM (car 
batteries, nickel/ cadmium batteries j eto*)« deoOM^Blhg Water; and 
obtaining pure metals from their ores. 

This last application is extremely Important in the production 
of aluminum from its ore^ AI^Ob. Hall discovered this electrolytic 
prOOMia while still a oollaga atudent in 1886. Before his 
discovery, aluminum was so expensive that the rich would flaunt 
their wealth by throwing dinner parties using aluminum utensils. 
Today, production of oha nola of alum i nun from its ore requires 
30,000 joules of energy- Recycling aluminum rerjuircs only 26.1 
joules per mole (the amount of energy required to melt aluminum) . 
Vhusr tha Onphasla on recyclijng aXuKinua: rfethar than producing it 
- froM 4tii; ora. la:'4uit«.. obviouB.^^ ^ 

BtanOuA Mteiitiala ai^ I* Caleaimtloaa 

By using half-cell potentials, you can detendina the voltage 
(potential) that any two ha If -react ions will produce. The 
potentials are not an absolute figure, but are measured relative to 
a reference half-reaction. The standard rOdnc^len potahtials wa see 
in tables in our booX and on the classroom wall are measured against 
the Normal Hydrog«n Electrode (HHE) which has a reduction 
half-raaetien: 

2H*(*,) + 2a- > H4(»j W 

The KHE has been assigned an £" or voltage of 0.00 V. Actually 
any reaction could be used aa the refarenca but aince hydrogen has 
baaA ohcisan/ we still cblitih^^ Tha ayttboX B* matanft 

iltandard half-reaction or ♦'half-cell*' potential in which the 
ivaactant and product aolutiona are 1.00 M (1 ata for gases) and the 
patalB are pure cryatais. Tor co n vahianca i -v norsfially tabulate the 
B* values at 25^C/ but it's not necessary. Tliis method enables us 
:to detemina the potential for numeroua half-reactions* By listing 
ail Ntl'^^'^^^^Bt^ons as ^aiduc^cm lialf--rsaetions, wa gaoar^td: a: tabia 

K tsbl« or 4tiAdard raduetidn^ p^ anablas us 

determine the potential of a redox reaction, determine the order of 
reactivity of soma species towards others, and to determine which of 
two ip«ei«i is movm «umd4ptlMa tOMaMi raduotim pir oKid&tioft: in- a 
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fippntAiMotis redox reaction* A positive E** value indicates that the 
SWtetance will spontaneously reduce relative to equation 4, while 
lU^tiva values mean a spontaneous oxidation will, occur relative to 
«qiiatiiE!Hi 4« By simply adding the Bpx And Er«<i valutts, you cftn 
obtain E*', The E" value for reaction 1 is sinply the suw of tha S*^ 
values for reactions 2 and 3. . Bwaanbar £^.«. « -^iE*r«d for a 
particular half -reaction. 

K t;;B%«W«*i»"r=V"!^»3-3»7 V + .0,7W V - .462V (5) 

Note that the Box and Er«d values are not multiplied by the 
•toichipwitirlx coeff ^Giantij as«d to JMlanca tb«. redox eczuation. 

In the late lOOO's, a Gcman chenist named Walter Nernst was 
studying the thermodynamics of electrolytic solutions. Through his 
research he developed a fomula to calculate the potential . of a . cell 
that was not at standard temperature, pressure and cohcentratibn. 
It is called tho Kernst equation. Using equations we covered in 
this and earlier chapters, ve can arrive at this equetion. . Gibbs . 
.etiM'kderd^ ^ree energies (aG) eve given by equatJ^tfie :6. and 7«' > 

V*®*-". -n?Br,.: . (.6) :';' 

ttere n equale the moles bf «ieietimie (e~} trvnsfetred in tlw ' 

reaction and F is Faraday's Constant (96,485 OOUlOiBNi/lioli».'4''yv/ 
Gibbs f ree energy is also given by eqoaticm 8. 

\.*«;v?f»;a!^^^ -■'■(•)■"'-- 

lihttihift k is tikii gii constat T the tenperature 

in Kelvin, and Q the reaction quotient ( [Products^/ [Aeactants} ) . 
Sufe»etituting eguations 6 and 7 into equation 8 we obtain equation 9. 

:7:^:::\'- ■-!«>' -^rir-^^^ Iwr^in-V;- ' ':'-V:^-' .■ 

\K^i^4^'(T^ (10) 
Since we usually conduct redox reactions at rpoai tenqperature (298K) « 
!e«iiiition at 'thSis^^ooiit^ - 



Corrosion is metal deterioration. It's mainly an 
-elsctrocbamidal proa«msv and niidfair tlM ri^t oofidit ions, it dticurs 
spontaneously in nature. The cost to the U.S. economy in 1984 due 
to metallic corrosion alone was over $80 billion.^ Thus, corrosion 
is a signifidaintvlpi^lSB. with «cf miiiy «iK<>i^£t^oiiM;AntIy exposed 

Before we cui e^raaths ways to protect ageiiiSt cbrrosion, we - 

must first understand what happens during corrosion. Corrosion 
results from the operation of spontaneous electrochemical cells on 
"the Butf «oe 6t th^ Metal being conisltfered. tte'll limit bur 
discussion here to steel (iron) samples. You might wish to inagihe 
the body of a. new autopc^ile or a Soviet Hig.?? during the follow^ 
;discuiB«lbii»' 

As in, all electrochemical reactions, oxidation happens at the 
anode. Tills occurs because the anod« is more easily oxidized than 
the other metal in the cell, for solid metal « oxidation fontts metal 
cations which are soluble in water. . So how does a steel ciiir body 
rust if it consists only of steel? 

t^llj in order for corrosion to occur, water must be present* 
.blissblved in. the water is oxygen, which undergoes the following 
■.^reduction- b».lf-r«actl^ 

■".■:- -;.02 + SHiO 4e- — ■ > 40H- ■ ' - 

Th« Other half-^reaotion 1« t|ip, Mciidatioti of . Irwil - 

:-Hrite the overall oxidation/reduction reaction that occurs during 
..formatipii- 6^. 



Thus cars "rust-out" because of the air. Of course the procesfi 
happens rapidly if certain other conditions are present. You must 
have some contact between the solutions of reactantS. Wfttttr VorKS 
best for this. The water works better if some ions present are 
already in solution (what does this provide?) . Some states sprinkle 
JsooH mmlt. on snowy roads. This prbyidas all of the reqillraiH^hts. A 
small scratch in the paint, moistUira/: and an lonio aolutlChf »ai|d .th 
; result is rust on your new car. 



;i . Chaos, K . , Chvfli • C rjr, 3r A . . R«fi4 on . Httik* Ine . , N«v .V«r k , 19.1 1'l ... 



As you recall, E*^ values apply only to pure crystalline tnetal 
samples* Host steel samples do not have a uniform crystalline 
structure;, instead^ they have many small areas of differi^vg crystal 

. structure due to stresses that occur during processing of thW 
netals. These different regions have different E° values and this 
resjoXti? in the formation of a voltaic cell. Thus, in steel samples 
JBOii'^ of ^tese regions cieiiVe as x^thodSs while oth«^ as 
anodes. This explains vhy rust occurs at separi^^, distinct points 
all over the metal surface instead of covering' the entire metai - 

-''-iiurfade' uhifornly*;'- 

\ One obvious solution to this problem is to produce steei with 
one unifora crystalline structure. Technolo9lcally, this would be 
extremely expensive, if not impossible at this time. Therefore, . 
sons other means of protecting steel (iron) structures must be : 
devised* Some of the simpler and less effective of these means 
'include surface coverings (paint, etc.) and passivation. 
Passivation is the process of coating the socf ace of .the steel ' 
sanple with another iaetal (usually less reactive or not as easily 
oxidized as steel.) Both of these methods protect the steel by 
covering it* Unfortunately once. the surface coating is removed, or 
\; scratched' 'of f 'ruist' -''devttlQiMV -'' ^ 

A better .way to protect the steel would be to electrically 
cbnnedt the stefel - to be protected to a more active (more oBLSily . . 
oxidizable) metal, such as magnesium. In this way, the steel 
becomes the cathode and the n^gnesiun becomes the "sacrificial" S -^ 
7linod6; This pirboess Is idiown as cuithbdic protection* In bnlir :1sdi. 
: :ifiborporate cathodic protection, the sacrificial metal must have, a 
I'iommr. reduction potential .than the metal to be protected. 



In this experiment, you will set up voltaic cells, as in Figure ■ 
l> but on a micro-sQale, R^fer to Figure 1 often to identify the 
• ^ jku^tt'^Qf ' .th« d*^' jl;l^-..yput' setup. 

: ■ paper in half so you have 

two s^rea, Told it in i^ourths and cut it to fora a "+", as 
denonstrat44 -tiy. Vbar Sdive the leftover pieces v£^r :Fiirts ^ 

■.,-.c and D..;'\ ';■■■".';>. ■^"■"..■Cv ■ ^ ■; ' : ''■ 

2. Take some of the copper, zixilO-f-'^M^'p-^ltiS^' 

■ sand Qtt ^ide layer on them. ■ Ti;-" ' 

NOTSs Read Steps 3-5 before performing them, because you'll 
w«u)t to tato^!^ for nore accurate resul1;i|. 

3. Place the four metals at different cbmare of your newly cut^-' 
--_ filter paper* Place 5-10 drops of 0.10 M NaNO^ solution In the 
V Viddle of the filter paper. Jttiat function does the NaNOs perform? 




/:..Vj:4.« . Pl.ace a few drops of 0.10 H Cu(N03)2 to the side of or 
underneath the copper. Do the same with the 0.10 H FeS04, 0.10 M 
Pb(N0s]7, and 0.10 II Zn(IK>3)l 2 solutions and their respective ibetaisv 
The drops of solution must touch their aatals .juid- tl^se SolUtlohsr 
must just touch the HaNO) solution. 

5. Take your multimeter and selnot DC: vQlt»^ (VDQKJU^ b^^^u^ 
the voltage between the following: 

a. Make sure your leads touch bare" llrial. alid\.ar)e''t^ 
^ShmfmXy!^^ immersed into the solution. - . ;- 

b. Switch leads from your multimeter on the metals ifVy<^ 
get a negative voltage (you want a positive voltage indioating . a v ' 
'aptowtameous reactl<l^)^ 



da iii4 Eb 



ft*! 
■ 1 . ■ 



6* Hby arc tiicse yeaues recorded as £ and not B'? 




V Calculate tlui thvorvtidal E* valoes for the three- 

calls you constructed (using a Table of Standard Reduction 
potentials) and ihrrite the . two half-reactions fpr each cell 



a. ';., qu and .an; 



th«y 
fiiiyi 



oxidation HalC-reactlon: 



Meaeiiyed b - 



Cu and W 



film 



Oxidation Half-reaetion: 



Heasured E » 



o . Cu an4 ^ • 
RiMuolLioii tuilf r»iaetient 



^eoretical E^ 



1. J , ; ■ , 
■- ■ 



oxidation Halt^vwaotioo;. 



■ ■ J- ■ ^ 



lieaei^red S ■- '^''-'""^ ' '. '^-^h^^^foiiil ^f*;. , 
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SI. dotfs th« wasursd E not oqiial the tliMr^tical B.?? 



.^' you rocall, tbie sitandard reduction po'i;on'tlals of all elenen^s . 
^« neasurod yel^^vo to tho rediiqtlon of t]»ir; fo^ 

■'.■■■2k* ( * q ) + 2o- ^-'-a* "Hz ( , , B* biOO volts' " (12) '-" ^ 

In /this .E>art of the lab you will construct a table of reduction . 

potentials' fdar s^^ yoii >£1I. use tlie fdl-lcnirliijg -as the : . 

'-riifertaiee: 

^■■';.v'fK>2^(.q) +--2e-"" -^-->'» <":^-(13) ; 

• Ifotei Redox processeff could be neasured against any reference 
as loh9 as they're all"Miasuz«d eijaiMt that sane referencNIf; 

1. Usi^g the saee setup as before, n^easure the potential of the 
following Mtel0-;«nd. thelt 0*lp M eOlutii^Vl Against the Pb/Pbl* : 

■" Al, Cu, Fe^ Pb, Hg, Zn^' 

. a. Based on your Knowledge of the table of standard 
MyhMtimft: potentials, predi«?t the ordiiir :6f . reduction potehtials ys* 

:Fh ■hmto 

b. vlteke sure you f ir^ layers oiff the '.' ^ 

metals. To look at the reduction half-reactions for the metals, put 
the neg!»tiye (black) lead. on the pb/Pb^* electrode. . The negative ; 

. lead is the scmirQe..b^ .eiec^^ tMrefore .irith l^''^^^ 

;Fb» --yoii }knw.; Eb 'is .'beiiig : 

'6; ~ in mikXing yo^^ytmlflmt repoiH:; ell 'Vniues:. («yiut^1^-^-' 
negative ones) r rank order . iill.;i^t!Utti^s>. and vr bailjfrreactibhs 
as reduction reactions. ' ■ S- \ " 



- - J ■ 
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Metai Reduction Potential vs. Pb/Fb 



2 + 



■ - , 1 

' -"'Mi ■ 



' ! .' ■ » 



Using jbhiS in^omation, write your Table of Standard Reduction 

INytiiiftialv JM^» this is data froh youk experiments, do mot use a 



or sxiapiaD mtieKmi w av mnxM iB . 



1. Usiim the vaine prQce4uir^ a9 iA part- A, set up the foiJtOiring 

copper -.artdyiAil-^^ ; vV" 

;Meeeu>^e ? for this cell* . v -'-.. ;■■ ."-^ 



- * - 



b . Calculate E"* for tl^ Civil :.u«i^ a ;tdbX«^ &f Standard 
Reduction Potentlalsv 



■ -■, , 



7' . ' r 



' . d. Does the calculated E for the 0,1 K cell equal the for- 



2. Now naoaiira; R/as the concentrations of Fb^* and Cu^* are 
changed. Fill out the table and shov your calculations for the E 
.vi^luea; UiMr^ftovw fll^^ Part A, 



tPb**3 



; 1.00 M 



O.IQ M . 



C^ioulatii^ for l£ Irtwn ttQ^^] IvOO H and (Sit!^) 4 -1^^^^ 



' ' ■■■■■ ■ • . <■ 



< ~ . ■ 
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: ; ; ^ .calculation^ for £ whan icu^*j ^ i.oo K and [Pb^*] « 0,0010 M: 



■.1: 



3. It is possible to set up a voltaic cell that is driv*^ ; by a 
concentration dif farance. A potantlal will continue to exist 
between the two half cello until their concentrationa^ ara aqualv . 
Investigate this by setting up the following cell; ~ ' / 



a. Measure E for this call. (Ramembar to switch ths aieter leads 
If needed to obtain a positive voltage.) . 



h^\': lAtdar-Mian^ «ttat yould fef for this o«13> .b«>7 




c* D^latioM iitAitdaird obiulitti^b'lb^ oonoentration 

for ions, one atmosphere pressure, and standard phases at 25** C) 
cause the deviation of your obaarvad £ in paragraph C.3.a. froa E*''^ 
US6 ' ttie Nernst iq!nati<ttii to caldulatp: E tor this cmlX^^ ■ ;40Mii^«^ ^^1: 



r^^\^ d. Ara'- thara otliar bcMitions besides standaird CO^klltiiDMiii 
l^^ilX.^^^9^u^ ..What ara .thay? - - - 



. f ■ 



.-^ -■. .. 



iliiiofiodiiytt 



XI«ctrolytlo Csllii; 



■J 



a- Partially fill ons tMll lii ydur reaction' tray with l.floi. 
M Cu<N03)2. Clean the oxide layer off a nail with 1 M HCl and place 
it into the solution. Wait for about 30 seconds. What occurred? 



b. Write the balanced r«doie eqiiatim fbt^ tJM r^ 
just observed: 



What is the coating on the nail? 

£. kijMm\Mk 4X^^ to nalos thti reaction 

occur, it's a spontaiiAbu* proceiss . As In Part A, we could have 
separated the two half-reactions of the above redox reaction and v 
produced a galvanic cell; however, we'll now naXe an electrolytic 
cell and reverse this j^ntaneous process^ To do this, hook up the 
9-volt battery to UiS' nail and to a graphite electrode, then immerse 
both in the 1.00 H Cu(N03) 2 solution. Will you need to hook up the 
positive or negative lead to the nail? Hhy? (Hint, the positive 
lead withdraiw eiibtbNiHM the negative lead ; 

"pumps" electrons from the battery.) stop the experiment shortly.' 
aft^ar .the nail bi^kgins tp bubble violently. Before stopping the 
gicperiailit/ 'ab w M nT iii 1^ nail lin the solution. Does anything happen 
yaMOkir^yi^^ stfcon^ after that? , 

g. show tiiiait ih* Cu(N03) j sblution will not react 
spontaneously with the graphite, place a piece of graphite in the 
BOln^lon for about one minute, withdraw the cjraphits and describe: ... 
^ilQliifioant Ranges,, if any. 



\1 ■ 
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h. Did your electrolytic cell cause the spontaneous 
reaction above (steps 2-6} to be reversed? Explain how you know 

•^■•7.-:. A^-^''- • :--"'rr ::■:?■■., .-.c'X.' 



i. Why did the nail regain the copper PpXov^.ibout S-lD. 
.seconds after withdrawing it f ron solutipn? 



th« half -^rttftoticm which . odour the graphlto* 

1. Mrit« thtt half-r^aoticm i^lxdi - 

.;.v:tha;.platad,» 

2- ' ElectroXysis of Hater 

Hydrogen is an excellent fuel that someday nay be used in p^ace 
.:\ 6f jet fuel for aircraft or gasoline for cars. How it Is used In ; 
; 'the space prdgrsB -to propel the Space Shuttle Into orbit. Hydrogen -' 
though, does not exist by itself in abundant quantities on earth. / - o 
(.Tiost of it has escaped the earth's gravitational pull over tha:^ . * v-.v-V 
vVages). One method of producing it. is through the electrolysis of . '''^ 
watar; that is ^ usUkf. alaptrlcity to braak water into Ha . ai4. Ol^^^^ 



. 1 . 



- V . ■ .' -, 



Mak« an electrplytlc c^ll usirig y*(^ur 9*voit battery and 
graphite electrodes to electrolyse water. Use 0.10 M NaNOj solution / . 
:';and add 4.-6 drops oC Vanada indicator- 19hy Biist you use. water with V 



bVr^ iwid list: 3(Wff;;p l ^#<tgy 



■1-1. II. 



c. What is the color around the cathodA? Mkat gas is evolvli|^- 
f cpn the catlu>^ (Hint^x . To dste»ine , whi<fli is Uie 

cathodeV look at the^ M half-reactions f <>r the / 

electrolysis of water in your text. Use the color of Yanada 
iiidicatpv; tq^detemiine which half'^-reaction is bsliia produced at each 
'ipl'eet;^dflivvV:Ap»jn^ . Vavidiii -givfiil' -red' in Bci:d- mM :bX U9 liti : -- ■ 

:0 ' dr'^ at ttw; bathpik'/ ; 



e. What color exists at the anode and w)wt- gibs *vdli^^ X-i^ 
!;>'-Writ«. the .ooourrinf . at tliie:,an<M9e>';- 



. r\. ■■■ • 



catlioai« >roteetieiiii 



/ iV-r . Which of the netals you have been given could >e used to 
;£sathDdlcE«illy prdtisct ^an :iji*CHi itfal|:> ; 1(ia^«(i| li^ :^eidili« a^a^^ii^ 
*han iroiitr v-:.n<v::rr--:?---:-^ .i... ' 



2. QC these metalSf which do you tblnk,jfould bfst protect iroti 



.-.'X^-i-^: 3« Wrap'a piecM of tte yi^^ yoa-Uanlbifi^id^'i^ Ei:2: 
rjalround the head of a nail. Place an "unprotected** nail and the 
^::''?proteoted** nail in plastic cups containing enough de-ionized H2O to 
' .- cGviix^\the hails oompletelV and addr4-6V^]7ops of Yaaadk' ^ndiiciatbr . ' 
What happens? (itha nay tiftka^^^^^^^^ idjhntwi ib '^M^ 



ys'^^yv-r Viy^: ■ '^'mixvaocBMMXBtmx page is- 



: V. . 4' Rep^t thXa tot iMMf\Mdty6^ the ihetals . id«ntl£l«4 In 
'-^ragraph E.lV ObsezVatHons? . 



C€ivm kini, Jaqu^ up an «l«ctrolytic 



vhisn Hal Is plcbed Ihtd into what 



. ^ convert th« iodide ion, I", to la. Write th^ ;. 

tiiaif^iwiiotion ;fi^^ is this an Okidntion or reduction . 




e. in order to make the elsetrolytic cell, you'll use two 
> 0fat4iit« elebtrodSS Goiiiiecited to tWii batibcry. ths i^rai^hitS: . 

electrodes from the electrolysis experinenl: . Do not. use the iraiiada' i - 
- indicator in this experinent. (Graphite .is a connon "inert" - " 
}^-'--/;^ectrddA'i'^ it plays no; part, in the ^|.iM9i|sd redox s^iM^imftl ;it: . 

simply acts a« i viaptiic^n surf acsv ^sllw^- U iii 
iv^'^-^. , the cell.) ./.-^ ':.■■}:■-.:- -i-r:-' ^-O"""'---^ r'" V JV;- 

d. HhitSh electrode on the battery (positive or nogadlvii}-:!- 
v .wi^ll cause the half-reaction in paragrapli.jp. l.b. 7 

















I ::jik^!;!thtt ."Sliest 

















■y ■■ / ■:],_, .■ ■ .: ;.r.-v:- 



S i ..■ -1 
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f. Perform the experiment usitlii o^xo n tiki* /^^^ 
p^rocvdttze, observations and results. ; 



:> The bXatQk color emanating from one of the electrodes is the Ir* 
fla^ y^tldir color is Xi- {vhith you saw in previous experiments.) 

2* <^ experinentation is allowed if 

islisarM by your Instructor. the next page to design your 

experiment before you ask your instructor's permission. Your 
experimental design must include a background statement (what 
bhittiilcai tlieory do you plan to use), experimental section detailing 
what you will ^> and a deciQluiioh 09atlon. Some idras to h«lp you 
.get started:':. ' ' ■ - 



a . ElectroplatQi' an- 
your eaq^eriment? . 



b. Voltaic 



Id parallel; vs« single pells or 



''V 



* ■ . ■ ■ 
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' ■ ,,."■'.*.■'■' ■ 

,;\ 1- If ve were to construct a battery in which the oxidation, of Pb . \ 
woiild be one halC-F«acti.on, which metal in YOOR TABI*E of 
haif-reA&^i*ga;^ Vi^^^^ Justify yoiir ' 

2. Using your data colXected for the Cu and Fi> galvanic cell, draw 
; a schematic of this cell. Label all important |>art&, q^^ra -tlb^^ 
oxidation and reduction half-reactions for the appropriate 
electrodes and show the correct flow of electrons and ions. Draw ^ ^ 
the line notatign -fdr the cell. Retaic^. ttf^ f i^re X and/or your text 
for help. (You can dr«w i^^Xil^i. FiguM 1 or draw, a s^d^ 
your experinent.) : 



■ ■ .- -■ ' -■- ■■ ' . 



:3« MDefine standard state f oir a ablld, li^id/ ^a«, and ion in 
solution. Are we justified in qonparing the experitaental results, to : 
the theoretical values for £**? Explain your answer. 



4. Based on yODft nsUi of Standard Reduction Potentials: ^7 .: 

. ' a*; Mhioh^iwtpl^l^ be oxidizi^d?^ : 

.A^bifV^'^HtaiiiBh'BBtai'b^sV Pl^t«ritial to.:btt;4txidlted?'--''':^=.^^^ 

c. Give an example %rhere these aetals are used by society. Do 
the applications fit the behavior of tba ««tar towaxid oxidation? . 
(See Chapter 22 in the .texl^^tfiur . « dis«n»iii(in on.itw u«mi of thesft. 
iMtalsO " 



5. Acids can oxidize some metals. Based on oxidation potentials, 
would HCl oxiditfv Hg aptid Ztl? J\istify your answetr using' half . 



19B 



I, 6. For t;lie voltaic call in Figura l# would..you e^q^ct the maas of : - 



7* f Briefly descril^ tha . dif raranoaa^ batwaaq Jk' Y^Italo; 

V'A-^J'PCtroly^i^^ cell. ■ "'.•■'•'-■■-:-■•.-.■;*.■-'■'.* 



::.Vr:iiVc ^^y. itfiira thar* <Xif faraneav .b^Wach your iieasurad S aind tha 



■ V . 
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9. If we bubfoied CI 2 gas through our 0.10 M Nal solution, coui4\.wo ; • 
obtain laT S'Einlain UBinq concepts, you: have learned, xn 



ioV .saqplain how th« Hemst Bcmtion can b« used to determine the 



: 'i.v 



J .1 . 1 



^' :i|p>^ Should a phange in twfqperatura afj^ect for a cell? Hhy?. 



■ ' . ."a., 



"■"^ ; ■ * ... " ■ K- 



■ : . ..■■■..■'; -'^,'^f 



BLECmOCBSiUSTRY BMJkLXi-SCALS lAB 



Th«s« questions nust completed hiit<^k^ coming to lab. It you 
danndt iinisiMr all Qt thtm, rerttiid thic 1i»Kidoatf try th«n. fi^^4ii; 



- 1 . " 



,a. What, is oxidaf:ion? '". 
2v a. Dtav a Voltaic = G«^1 basad oh tba follcnring; 



- ' ' . - '■. 



■ :: . b# IfSbal the anode, cathode, salt bridge and indicate the 
'/'./■ 'yfli^ lift mi»^ 

V ; . c. Write the oxidation and reduction reactions. 

d.' Write :t6a ^cvvarall;' tfat rt^im^ipa, -'■ 

3ii 'caieulata the voltage you could get out of a voltaic cell made 
. of silver with its ion, Ag*, and tin with its ion, Sn^*, (Hints Ypu... 
- do flot need to balance the redox reaction. Use the Standard . 
liiidiMatipri Potantiala your text- ; . >■ 

a. Write the reduction half -react ions. 



Tin: " 



.v. -r 



b. Wcite the oiieid^tlai^ and. ntduc^ 
Oxldatiicni-' rubtioiis;. . ' \ - "; ' ■ . ' -., 



o* . .I|irj|.te th<? pyecalX net reactron. 



your should be positive since this is a spontaneous 
. electroohemical cudll*. Z£ it Is not, you naed to switch tha 
;'. dinretiipn of your OKl4<i1^ibn ami rttducticm raactitms. 



- - V 

,- - i - 



AacieibbHte -i^a9a. i4- 



: tJrganlc chenist:ry is the chemistry of carbon compounds. Prior to 
IftZB, the tern "organic" was used to describe chemicals that had come ' 
froa animals o;r plants, in that year, Firledrich Hohler showed that ^ ■ 
brganip ch«p^lB could be synth»ttis<M Er«^ inorganic sources. He V. .V- 

' ■''^ y''^^jyr:r/:^ S (Inorganic) . (organic) -f * ' y ' V * ' " VX,"- 

Organic chemistry is a very large field of chemistry, over 7 
toillion organic chemicals are known. Our lives are surrounded by , and 
sustained by organic chemistry. this 1^ 

as the chemistry of life. The large number of organic compounds can be 1" 
understood more easily by subdividing them into groups. These groups k 
can arise from the cla8Si-fic»tidn of organic compounds tiased on tluilr' VV'- 
j^yBlica^ cliaracteriaticB and reactions . These two factors are; ; ■ 
ihf lusnbsd by the "functionsl groups'* within each molecule. ■ ? 



A functional group is a qrou^-.6t atoms that act as a site wbSre 'rv 
chemical reactions may occur. Remdfc^oiVM m^y also Occur in. the :v : 
t>t«.xliii%y^ of ; f^ grouped Itr tlkiS lab, you will iinrijisti^at^ 

several important functional groups. ; These include amlnea, carboxylic 
acids, Alcohols, aldehydes, ketonesy r|u^ Examples of each are 

Shown in y^fjE^f* V^, Tbsss «1<S^ fiiwiotlfl^ grotms sipd f biind ! iir lia* : v .. 
«s;)oritir or^owSpiilLq cotm^Km^r-M yoiiar-1^6df--iui»A^ 



....i':vyv, 



:i^imm::^ '^^^-:^-i^^^vf .^^-vv^iv?,;: 
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\ l.'^inmm..Sit:^ characterized as b^Bee, and generally artt polar. This; 
ipbIa^ity-^ift''^tiW'td a lone pair of-'^lectrcins on the nitrogen aiid . 
differences in the electronegativities of other substituents on the : q 
nitrogen. All amino acids, contain an amine ^roup (as veil as a 
carbOHyli0 grbiip}'^^ iiahy phAtna^eutlcals alio doi^a^^ 

eyarajpile is amphetamine (e.g., a-methylbenaeneet.hanamine) , -^hicil. 
stinUiiates the central nervous system and is addictive. * V. . f'- '- ■! 




M« t hy 1 benz ene« t h«n«Al ne 

An Important reaction of amines is the condensation reaction 
with carbojcyllc acids to fon an aMide. This reaction can be used to. 

.»c»tlc acid ethyt apitn* 'cthyt acstfloiirfc 

Alooliols are comnon organic substances that are encountered 
eVerydiiy. ^tliyl alco|iol (Q^Ain alQQlioI) is found in beverages, over ^ - 
th^ eouiiter drugs, *nd c36eifi«liEi#/ 1^ Is v 

used as a fuel, secondary '*|obhols react to fore ketones in the 
precjtence of oxidizing a^eiitit^ Potassiue dichrcmate Msy be used as the 
bxidizing age|ii^ end the reection ito^^^ Hi^kn^-: . 



" ' tiiii'reactimi wtll te^^ a dmtonstratlcMi during this lab 

using isopropyl alcohol (rubbing alcohol) and acetone (the diuethyl 
ketone used in fingernail polish reeover) . You should note this is, 
an oxidation-reduction reaction* tlhat is- beiti^ reduced? Write the 
-^Itduetion: iMlXf ^reaction, in the- IM^ ;^ 



■rr- * 



Aldehydes are good solvents for polar substances such as 
f^' a^ Foraaldehyde is a ga« that is used, in aqueous solutione . : '. 

;;:v::;;/;.6aX^«id: ;foin^ 'to'-''^ripEMixve/b^ 



spctcimens and as the basis of nany glues, resins, and poXyners. 
AcAt^Idebyde' is used in its trim^ric fomt as a Sedative. Aldehydes 
react to form carboxylic acids in the presence of oxidizing agerits. 
A qualitative test for . aldehydes is the Toll ens test. Tollens 
Reagehb contains ttufr dfilver^ einioliiute ion, AgCMHs) 2+; and will < 
vdistinguish an aldehyde from a ketone, even though their functional- 
grbi^s are similiar. As the aldehyde is oxidized, the silver is - 
reduced to a solid. A silver »irtt»r Vti=l -^Im f6rm' oii' 'th« Sur-fSidti of^ 
the test tube (if the glass is clean}. A finely divided black 
precipitate of silvsf appears if the glass isn't, clean* The general. 
reactioti.-lss '-jy '^^ - ''\?.y--.^' '-^ 



Carboxylic acids have characteristically sour tastes and odors. 
Acstie acid is an example of a carboxylic acid, and is priinarily ; 
responsible for the smell of vinegar, Carboxylic acids are easily. . 
converted to esters (R*CO-0-H') which have characteristically 

Several functional groups are classified as derivatives of 
carboxylic acids. These include esters, aaidsa, acid cti^orideeV and 

.'-acid anhydrides..- " 

Ssters are quite common in nature and are easily identified by 
their unique odors. Isoamyl acetate has a banana snell, while methyl 
butyrate siiellslike apples. Ethyl butyrate le very structurally 
similar to methyl butyrate, but smells like pineapples insteedlof 
apples. Three other esters with distinct odors are isobutyl 
propionate, n-propyl a^t^etaier iind octyl acetete Whii^ eeell 11^^ 
^'pssrsr .and-orenfies/reapectlvely : ^.V 

. Ae^iriili (ebetyiiMklicyilc acid) , an ester. Is perhaps the most 
widely used drug in the world. Since 1899, when aspirin was - . . 

introduced as a mild analgesic and antipyret:ic, it has become the 
.lawman's fi^t linev^ef defahse ^[ei^t .1!^ diecomCorts mubh ee 

'■-oo2,^-,:-W^ helpe^l -efiec'tii: ; 

1. Aneige^,ic.:.:/lV: r*i'i«V«£ pa^^^^ and 

: : a* : Antipy^ This means -i^ Winge; diaiim fever ^^^b^ inoreaBlng 

:iB««jMti^ -eiiill--^^ blbpd -'iiieair.;tlie'''-'^ 

3> Ahtirheunatic. It redud<M tW InfliiMii^^ and paltk' in 

tJM -jeihte; p^m 
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the joints. -- ^ r^-y/:/- " ^ '-^^ 




.(fv/- ' Aspirin ■ V ■^ . ■ % 

.TM. reaction between carboxyllc acldc and alcohols is a sinple 

'w«Y^:to pirapa^^ Mters. An tx»l«l« roaction is shown bsloy.. ..Hater is 

\ I:- ■ o V'; q ^v'.'- ■ ^ "v" ^ ■■ 



taidssi AcetaainophAn la an aalds son commonly known by tliii 
trade names Tylenol* and Datril*. It has important pain relief and 
fever reduction properties, but does not relieve inflammation as does 
-ee^irin.«v::.;/lti#\structure imf-^:r\:'/'-- '^^-^ -i: 




V\ 6ne of the MKiiQr 'ii^«e^o^^^ ehloriMi fisfiid in general any acid 

halide) is in condensation reactions with amines to form polymers. 
During the polymer demonstration your it^atructor will make nylon . ■ - 
using lm ae^-c(M>or^ (adipby|.v ^oride) and eA (hexsMtihrUin*' 
diaipunei • u tile oondensi^^ 



^'^ The ciondensation polymerization of nylon is: 



- - ■ ^' V-'. 



1. Your instructor will demonstrate the oxidation of Isopropyl 
'' . alcohol to acetone using potassium dlchronate in sulfuric acid. The 

I 1^ . . H,C-C-C»4 + Cr-O,^' + H* ^ CH.-C^CH. + Cr** -t-^njO-: . . . r. 

^ ■;■■■*■■'■- ■'■ i • : ^' ■■■ , ■ ■ .. '-^ -.-^i^.-:-^ .■ -■ -- ^' v-^y.:^Vy:. ■-.■■l^'',' 

<:v.j;- 2. What color- change did you" s«h»7-' ''WJiiti^C^MWW 
^'/'^hiiBbor.la this color chang* du« to?r- 'r':'^ iy-^-Y 

[■.■''■''^■■^j'''"iiy:^:^ _ Write the balanced equation using the redox half-reaction 

y nethod* ' You will need to know that tlie central carbon atou in ■ . 

isopropyl alcohol has an oxidation state of 0 (Ee^o|.«^ wl^l!| the saM-^ri^^^^^ 
-. carbon In acetone has an oxidation state of ■•-2. y'-.^'-/:'^?':^''::''-^:^/ 



1- Synthesis of Methyl SalicSylate: ' - 

-"^..'--"carboaeylio acid .with- an .alcohol.- "■'-■h/ 'r^: 

Place a snail amount (about the size of an aspirin 

acid in a large test tube. Add 5 nL of methanol.:. . . 
(CAUTION: methaiitdl .1b - flaBmable) and twd dropi^.ctf poncentratiid^^^^^^^:'^^ 
.'V,.';'Ml£iii:ic ihoid-^ .V ^ 

\^'::>:' >'^V.^'\!>-'''.;''vli<flait': in :a . vatep^ ''bath ;c(<pt- up'-'by-yicmr 'iijeiructor for 
> three to five Minutes. For itaf e^y vcpncidttrtttioh 

'■: .used to vara the reactants. ""j'^^-'V-; ^^v'^V'- 

X c. Carefully smell the product. If needed, the odor :nMiy.-x . • 

r:^; be made more apparent by pouring the product onto 25 aL of ic^w ^y.^'- 
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C-OK 



*-!•". ■ ' . ■"- 
* . ' * ^' 



*. ItT 



a. Pla^ tiMe drfiqps of iii'OAnyl alcohol (ckbTiOR: 
f lamnable) « two drops of glabl^l acetic acid, and one drop of 3.0 H 
aulfuric acid into a test tiiba- (CAUTION: These are concentrated 

;9ttidirp:\#v6id.. skin-' 'ctthtaot) - ^ 



b. Carefully heat the test tube in a hot watttr. bath for 
three to five minutes. (CAUTION: Keep the flaanable BolufclM luiay 
£i:agR..fl^ae> . Hot, inafiirip. acid JLb _^xi^m^}.v.. isainetiimivAA s - '^ 



.liavw; ; Jw;b ..doinais! 



tile f bll^ii^ iMetiott i^piir you 



"■J. 



/> :9r* : -Add^ one nl. of riiTprepahoi; (CRicfi^ciiiOH) ' ^■■■taim.-'WiX*- iusatie 
acid In a tioirt ttOito.^^v^ siilfutrio/lijlij^fta fth^^ 



( ..i -i 



b. Heat the solution in boiling water for t brae to f ivi^ - . 
minutes, (CAUTIQK: Keep the flanunable solution away from the flsiilb; 



■ ■■■■ 



■j.:-;'-..- .,:Cf^«£ully;sniCf the-p^YMft^ .- ".Record- 'tha^'Biwli. below:,:.-, v 
J:^v,;:^V d. Hirtte t^e dDiM|«iii^tlbA n «kcetlc add and 



■ \:Vi Add on* Of 5t silver nitrate : aolu^i on (CAUTION: Do 

nbtr 9«t silvcir niiz'd» oil akin) to a oXiMn: t^ativtube^^^A^ 

drop of 1.0 H sodiuiD hydroxide to the silyar iiltrata* A brt^^ 
precipitat« of silver oxide should Conn. 

h, nsi^ tlia rpaet^on .tor the fdriMtio pf tnia bxrbim i 



'■ fc.*.-;' ._..*: 
- V' - <. ' ■■■ - 



. ■ : T .■ 



c. Now add three drops of 6.0 K asmonium hydroxide to the 
- tuba. Swirl the teat tuba (careful not to apill any aolution) until 
: thle ia^the Toiiana Reagent;; 

. d. Serf on the Tolleoa teat for an aldehyde by addingr one 

^3^.= V^irap'!0i|f;''f^^ :ij6:.,1^'$o%%iiitm^^^ ttjtia^^hiiq^^ 



4. Hhen Tollena Reagent reacta with fomalinir an- 



What ia the reduction balf-reaction? 



Laboratory Pctga 7 ^ ^}:--- - :y^ -A'V']^^^^^ 



■■■■ 



a; cax«f jiittly aiMll - aaMf^tM aldvhyde, 

benzaldehyd^r aiid BVthyl benzoate. Describe the smell of each 
compound below. "■■ Tcy to relate the smII to a naturally occurring 

■ (1) CinnaHic aldehyd9« . ■ ■■ 

W Bonzaldeyde- 

V ; ■ ' ■ (3) Methyl bmioata. 

b. Co»pl«t« til* follpving.rpactlon for the syzithesla of 

/ v'; iiKibutyl propionstax 'y , - 
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' ■ -.1 



■Vrftba^a of 



'"V .■ 



prganip Laboratb^ P^^T^, ^ 



; --1 .■- 
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(2) Ciriiifully •^ifr th•^od6E^ of ethyl IbUtyrfet* tiiid 



J7 ; ■■ 



■- . «■•■.■■. 



;.i^Rj!saiizc ntEiAB BXBMiM ;-,•;, ;/;;■. •:■ - > y - . 

1. circle the functional groups, on the following jMi^iNit^^ 

.}_.-;/.;:'|;vV:H2H-(CH2) 6-MH2 "'y'- ^ . CHa-CHa-CHi-COOH T ^:>:';.y; J .:' 

i-:\B«(«<M^ Hylar ■'; v:-" 



2. to tabl« 26.4 in your toxt to identify «n ester that oould 



; 200 . 



Bananas 



-v.'. 



3. Draw the condensatic^ polypMHsation of .nyiq^^^^ 
^diaainis :4fid...adipayl ;cAloriilsi.v:/^^^\:: 
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